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INDIAN SAFFfjOWKI*. 


I. INTRODUCTION 

Safflower (Carthamas tinctorius, L.) is widely cultivated in India, both ns 
an oil-seed and for the reddish dye in the flowers (earthamin). Watt, in 
the Commercial Products of India, states that there are two main “conditions.” 
one grown for its flowers, the safflower dye of commerce, the other for its 
oil-yielding seeds, the kusum oil of trade. The former is said to be fairly 
extensively cultivated in Beugal, the United Provinces, the Central Provinces 
and Bombay. The best dye is said to come from the Dacca Division o! 
Bengal and the best kusum oil from the Deccan. Open sandy soils suit the 
crop, which is generally grown mixed with gram, barley or wheat. On (Ins 
account, the area under safflower is not recorded separately in the statistics 
of Indian crops. The export of safflower dye is small and, in 1912-BP 
amounted only to 4,250 cwt. which for the most part was sent from Oalcnttii 
to the Straits -Settlements and Hongkong. In addition to the oil. the dyi* 
in the flowers is largely used by the people in India and, in spite of the 
competition of aniline dves, still maintains its posit ion. The rose-coloured 
turbans worn by the Matwari traders of Rajputana are dyed with safflower. 
Duthie and Fuller, in Field and Garden drops of the North-West Pforinn's and 

* 1 
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Qudh, abate that the great demand for the dye from Raj put ana accounts for 
the large area under safflower in the Meerut Division, the dye. finding it* 
way to the consumers through the market at Delhi. 

The dye occurs in the florets which, after the setting of the seeds, art' 
collected as frequently as possible. Two colouring matters occur— a yellow 
pigment soluble in water and safflower red (carthamin) insoluble in water 
but soluble in alkalis. After the collection of the florets, the CTOp is allowed 
to ripen its seeds from which frustum oil is extracted. This is used locally, 
both for culinary purposes and also as an adulterant of ghi and of til oil. 

Since 1908, the safflower crop has received some attention at Pusa and 
twenty-four different types, breeding true, have been selected from seed 
obtained from Bihar, Bombay, Sind and the United Provinces. These types 
cover a wide range of forms both as regards habit, foliage and the distribution 
of the red colouring matter in the flowers. 

IT. BIOLOGY OF THE FLOWER. 

Flowering. 

The capitula ore borne at the ends of the branches well beyond the 
large leaves. Each main branch ends in a capit-ulum, the floweTs of which 
begin to open before those of the inflorescences on the secondary branches. 
As soon as these secondary branches have completed their growth in length 
and have carried their single capitnla to the flowering region, flowers 
begin to appeal in these inflorescences. Flowering begins in the inflorescence 
which terminates the main axis of the plant, followed by the first formed 
capitula of the main branches. The secondary and tertiary branches con- 
tinue the process in regular order. The total flowering period varies from three 
to four weeks and usually takes about twenty-five days. 

Pollination. 

The florets at the margin of the eapitulum open first and flowering 
proceeds centripetally, the whole taking about four days. They usually 
begin to open in the morning and the process goes on till mid-day, A few, 
however, open in the afternoon. They remain open one or two days 
before fading. In the bud stage, the style elongates and the stigma usually 
emerges from the anther tube before the pollen is liberated. Soon after the 
extrusion of the stigma, the corolla opens and anthesis takes place while 
the hairy portion of the style is still within the tube. The continued growth 
jn length of the style enables the numerous hairs to sweep a large amount of 
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the pollen from the tube into the open air. An examiuatn n of the tlmots nt 
this period shows the stigma in the great majority of eases unite free from 
pollen, but with numerous grains adhering all round the lmirv region of the 
style. In some cases, however, anthesis takes place before the extrusion of 
the stigma thus rendering self-pollination possible. Bees visit the eapitula 
in large numbers in the mornings and pay particular attention to the newly 
opened florets in which anthesis has already taken place. They dear a wav 
the pollen adhering to the style and to accomplish this have to stroke it in 
the direction of the stigmatic surface. In this wav, a few pollen grains are 
carried to the stigma and pollination takes place. Bv this Diet hod of trams* 
ference of pollen from the anther to the stigma, both self- and cross-pollina- 
tion are bound to take place as the bees work daily on all the types of plants 
with open flowers. Besides this method of pollination, it will be evident that 
the slightest movement of the capitulum by wind or by the operations of the 
bees might easily carry pollei\ from one flower to its neighbour and geitono- 
gamy is thus easily possible. Both self- and cross-pollination are therefore 
likely to take place in this crop. A consideration of all the facts points to the 
probability that selfing is much commoner than crossing. 

Very little setting takes place under parchment paper bags as compared 
with the results observed in the case of free -flowering inflorescences. On the 
other hand, when the plants are enclosed, either in muslin or mosquito nets, 
this difference largely disappears as will be seen from the observations sum- 
marized in Table I. 


Table I. 

Setting of protected <t ml f ree-jUt wer ing phut Is, 


Average number of seeds feu. head 


0 . of 
Itnro j 

Date when 
first flower 
appeared 


1911 

1914 


Bagged 

Free- flowering 

| Bagged 

Netted 

Free* flowering 

l 

2-3-14 

9 

41 

9 

25 

22 

4 

25-214 

19 

51 

19 

35 

43 

5 ! 

16-214 

9 

27 

1 

27 

55 

6 

14-2-14 

3 

34 

12 

21 

33 

EG 

23-214 

5 

50 

18 

48 

4S 

38 

| 23-2-14 

7 

39 

21 

30 

2S 

39 

1 20-2-14 

1 

30 

1 

| 36 

38 
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Table I. — contd. 

Selling of protected and iree-fiowering plant a. 


Average number of seeds per head 


No. of 
culture 

Date when 
first flower 
appeared 


1911 


1914 




Bagged 

Free-floweiing 

Bagged 

Netted 

Free- flowering 

2 

23-2-14 

15 

33 

8 

27 

30 

3 

23-2-14 

10 

46 

15 

44 

40 

12 

23-2-14 

6 

57 

7 

37 

35 

13 

20-2-14 

G 

24 

26 

29 

26 

U 

2-3 14 

16 

42 ' 

3 

26 

22 

15 

25-2-14 

7 

41 

14 

54 

43 

30 

20-2-14 

14 

65 

16 

28 

59 

27 

27-2-14 

9 

54 

13 

50 

49 

31 

23-2-14 

9 

35 

5 

23 

23 

32 

23-214 

26 

58 

5 

28 

40 

34 

20-2-14 

15 

48 

15 

38 

41 

42 

25-2-14 

15 

C8 

14 

42 

45 

17 

3-3-14 

9 

54 

18 

38 

50 

S 

9 314 

21 

48 

3 

31 

39 

10 

14-3-14 

7 

54 | 

5 

36 

38 

23 

23-14 

10 

46 

10 

44 

41 

24 

10-3-14 

6 

54 

13 

40 

52 

20 

4-3-14 

18 

.55 

15 

51 

1 « 


Average 

Ti 

46 

! ' 12 

32 

37 


These results show that the .visits of insects like Ibees are not necessary 
for pollination provided that air movement and the natural humidity are not. 
interfered with. Under parchment paper bags, there is necessarily little air 
movement and the chances are small of the stigma of one flower coming in 
contact with the pollen covered style of its neighbour at the proper moment . 
Further, the higher humidity and possibly the higher temperature inside the bag 
would both tend to reduce the amount of pollination. Under large nets, which 
cover almost the whole flowering portion of the plant, there is little difference 
between protected and unprotected flowers as regards air movement, humi- 
dity and temperature and under such circumstances geitonogamy is readily 
possible aud is observed to take place, 
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In order to determine the effect of increased humidity on pollination. a 
comparispn was made in 1915 between setting in lamp chimneys, closed below 
and partially open above, and in the free air. The results are set out in 

Tabic II. 

Tahle II. 

The effect of increased humidity on seltimj. 

Number of seeds in each Cuttuli-m 

Culture . 

Tn lamp chimneys In free air 


The inhibiting effect of the moist confined air is very great and, at first 
sight, the result would be put down entirely to the effect of the increased humi- 
dity. It is possible, however, that temperature plays a part and that pollen 
grains will not germinate readily in moist, hot ah- 
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It is found tflat while the number of seeds set in free-flowering capitula 
on the same plant at any particular period is to a great extent uniform, never- 
theless there is very great variation in the number set under parchment hags. 
No setting at all takes place in many cases under hag as will be seen from the 
results set out in Table III. In some cases, such as cultures 5 and 8. the influ- 
ence of the bag is far less deleterious than in others. The cause of this great 
variation has not been investigated. 

Table III. 


Setting in individual heads on the same plant. 















Total no. of 






NUMBER 

OP 

HEAD 





Seeds 


No, 

Kind of head 
















1 

o 

3 

4 

5 

6 

7 

8 

9 

10 

n 

Bagged 

Free- 
flower- 
ing | 

Aver- 

age 


Bagged 

I 

17 

14 

0 

0 

0 

0 

0 

0 

0 


3 


0-3 


Free-flowering 

34 

31 

37 










105 ' 

35 

2 

Bagged 

2 

8 

10 

1 

6 

16 

12 

9 

0 

(1 

0 

63 


0 

: Free flow ering 

40 

42 

:u 

40 

26 








188 

38 


Bagged 

15 

9 

15 

12 

5 

19 

1 

1? 

2. 

1 

15 

131 


11 

3 















Free-flowering 

34 

35 

30 

29 

40 

33 







201 

34 


Bagged 

i2 

5 

3 

12 

12 

10 

U 

0 

0 

0 


54 


5 

4 

Free-flowering 

34 

48 

39 

34 

47 








202 

40 


Bagged 

22 

23 

12 

57 

28 

s 

■23 

26 

0 



169 


! 19 

5 
















: Free flowering 

37 

35 

37 

35 

35 








179 

35 


Bagged 

13 

22 

23 

10 

4 

22 

3 


0 

0 

0 

99 


9 

6 

61 

61 

70 

57 

65 








317 

, 63 

Free-flowering 

7 

Bagged 

8 

22 

4 

6 

11 

£ 

0 

0 

0 

0 


53 


1 5 

Free-flowering 

54 

45 

53 

■ 54 

52 
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52 

8 

Bagged 

24 

8 

5 

27 

28 

25 

22 

0 

0 

0 


1S9 


14 

Free-flowering 

61 

41 

51 

44 

47 
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49 


( Bagged 9. 

Average number el seeds per head < 

(Free-flovrering 43. 
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The effect of the season outlie amount of setting \ f ,hi ,-| ( >ps .n p USil 
is particularly well-marked. As a rule, all late varieties set badly ami tie 
last formed flowers, even on earlv kinds, do not produce mam* seeds. Tin- 
point was investigated in 1915 in the case of four safflower cultures. 'IV 
results are given in Table IV from which it is clear that, with one exception, 
there is a rapid falling off in seed production. So great is this at 1’usa that 
the utmost care has to be taken, in making comparisons, that the observations 
are made on cultures in similar phases of flowering. 


Table IV. 

The effect of the season on setting. 



1 Average Number ok Skei>s pe 

K Cakitclcm 

Type 




Early 

Intermediate j 

Lute 

20 

51 7 

41*7 

2*1 9 

17 i 

19*0 

sm-fl 

•>;V7 

13 

44-3 i 

39-0 

119 

Dacca 

31U 

| 

— ; 

24 7 

Average 

3l5'7 

34*9 ; 

23 2 


A consideration of the development of the flower and ol the results of 
the pollination experiments described above leads to two very definite conclu- 
sions. Self-pollination is likely to be the rule, in safflower but a fair percent- 
age of natural crossing is also possible. The effect of flowering in confined 
space, such as in paper bags or in partially dosed glass vessels, is to reduce, 
pollination and to interfere very considerably with the number of seeds set. 
How far temperature is a factor in pollination, under such dim instances, has 
not been determined but it is probable that it has some influence. 

Natural cross -fertilization . 

The extent to which natural crossing has produced heterozygotes in 
safflower in Bihar has been referred to in a previous paper . 1 Out of 7(> 
single plants selected, only two bred true in all respects. \ filiation 
occurred in many directions, namely, in the colour of (he. flowers, in the 
habit of the plants, whether tall or spreading, in the degree of hairiness and ot 
spinosity of the bracts of the inflorescence and also as regards the charac- 
ters of the leaves. 

The colour of the florets in the bud stage varies from whitish through 
various shades of yellow to reddish. These colours are best seen just as tin 

1 Mem. oj the Dept, of Ayr. in India (Botanical Series), vol. Ill, no- 1». 
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buds are ready fco'open. When fully opened, the amount of, red colour in the 
corolla appears to diminish but on fading the redness develops (JPlate II). 
All the whitish and some of the pale yellow flowers bred true but many of the 
plants with orange florets were heterozygotes and when grown singly gave all 
stages from yellow to deep orange. 

Subsequently, the proportion of heterozygotes was determined in the 
crop as grown in other parts of India. Out of 22 samples from different places 
in the Bombay Presidency, 20 proved to be almost pure and these were 
characterized by a copious development of spines on the leaves and bracts. 
Three distinct types only were found in these collections from which it appears 
that the kinds are kept much purer by the people in Bombay than in Bihar. In 
contrast with these almost pure cultures, the seed received from Ahmedabad 
and Larkhana (Sind) was very mixed and an examination of the progeny of 
single plants showed the existence of extensive natural crossing. No less 
than nine types were finally selected from these two samples. Two samples 
of seed from Mirpurkhas in Bind were considerably mixed and from these five 
types were isolated. Two samples from the United Provinces proved to be 
almost pure and yielded only two types which were characterized by spinose 
bracts. It will be seen therefore that the safflower crop in India varies greatly 
in gametic constitution. In some cases, as in the Bombay Presidency, prac- 
tically pure types are grown whereas, in Bihar and Sind, it is largely made up 
of heterozygotes. 

In order to determine to what extent cross-fertilization 1 a kes place at 
Pusa, when the various types are grown next, to next in pure culture, the seed 
from unprotected flowers of the 1914 crop was sown in the case of four types 
and the progeny examined. The results are given in Tabic V from which it 
will be seen that about sixteen per cent, of the flowers were cross- and the 
remaining eighty-four per cent, self -fertilized. 


Table V. 

Percentage of crossing at Pusa in 1914. 


Type 

Total number 
of 

Heterozygotes 

Percentage of 


plants 


10 

78 

9 

11 ’5 

11 

93 

H 

15 

12 

70 

19 

27 

13 

80 

10 

12-5 

Total 

321 

52 

Average 16 5 
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Since 1910, many of the types of Indian safflower have (Soeu rarsed , llI|Mll 
uonsly at Pusa from the seed of protected flowers ami all riussmt: h;,. i„ ... 
prevented. No evidence of loss of vigour from this contimnms self- ieuiii/. ;s 
tion has been observed. The growth has been robust, tin* plants have d, m ,. 
well and no difficulties have been met with in germinating the. seetU. Si. 
far, natural crossing does not appear to be essential in maintaining 1 1n- vd-an 
of the crop. 

III. CLASSIFICATION AN1) DESCRIPTION OF THE TYPES 

Safflower is described in Field and Car don Crofts of fin- Ab.-vA-IIY*/ 
Provinces and Ondh (I. 51) as follows:-- 

“ A glabrous thistle-like herb with reddish mange flowers. Stems abmii 
2 ft. high, much branched above. Leaves sessile, oblong lanceolate, with 
serrate aculeate edges or nearly entire. Flowers in large compact heads : 
outer involucre bracts leafy, ovate oblong, constricted above the. base, entire 
or spinulosc, inner bracts narrower. Florets tubular, hermaphrodite m i( 
few of the marginal ones sterile, tube slender, limb oblong. Anthers sagittate 
at the base. Aehcnes in., smooth, obovoid, truncate at tin. top. <>l>li<| u«*l v 
4-angular, with four projecting ribs.” 

There are several references in the Indian literature to the occurrence oi 
different forms of safflower. The great contrast between the varieties w it h 
spinose and entire bracts is noted by Watt in the Comnwmo! Products of Indio 
as well as the existence of varieties with yellow as opposed to reddish fiords 
He states “speaking broadly, the oil-yielding forms are more, spinose than 
the dye-yielding and have usually yellow coloured flowers, the dye tonus being 
orange and even yellow tinted with scarlet." Dutliie and Fuller ivlrrtn 
the effect of high cultivation in reducing the spiny character of this crop 

The earlier observers regarded the crop from the point oi view ui system;; 
tic botany and no separation of the types from the mass of hetcmzvgot es was 
carried out. This has now been done at Pusa in sullicicnt detail io giv<* :m 
idea of the range in form which exists in Indian safflower. 


Morphological Characters . 

The types of Indian safflower vary greatly particularly as regard.' tlm 
general habit, the leaves, bracts and florets. These fads render the clari- 
fication. of the types and their description a comparative! v e.»>\ mailer. 
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Habit. The great differences met with in general habit depend on the 
height, on the angle at which the secondary branches are given off* and also 
on the point on the main stem where branching begins. The range in height 
of the various types is considerable, the limits in 1914 being 100 and 170 cm. 
The general angle at which the secondary branches arise from the main stem 
also shows a wide range from rather dwarf, spreading, well-branched plants 
to tall forms in which the branches are close to the stem. Approximate 
measurements of these angles showed that the limits were 15° to 45°. The 
habit is also influenced by the point on the main stem at which branching 
begins. The open, spreading forms begin to branch low on the stem, about 
5 cm. from the ground, while the tall forms of closer habit do not give off 
their first laterals below 30 cm. from cbe base. 

Lear ex. The large, lower leaves, which are always practically free from 
spines, vary greatly as regards the margin and the extent of division. The 
margin usually ranges from wavy to deeply dentate, while in some types the 
leaves are entire, in others they are divided almost to the midrib. In the late 
types, the internodes near the base are very short and in these there appears 
to be a tuft of radical leaves ; in the earlier forms, the internodes are more 
evenly distributed. In all the types, the leaves diminish in size fiom below 
upwards and, in all cases, the upper leaves are more or less spinose. In some 
types, however, the spines are very small while in others they are highly 
developed and are both long and numerous. In the massed habit, the differ- 
ences in leaf-colour between the types become evident. The tone varies from 
light to a very dark green. 

Bracts. In the involncral bracts there is also a great range in form 
(Plate I). In all the types, the outer bracts are constricted above the base and 
are always foliaceous and often spineacent. The basal, imbricated portions of 
the bracts are without spines but these' are more or less developed on the foliar 
part above the constriction. There are great differences among the types 
in the size, shape, indentation and degree of development of the spines of the 
foliar portions of the involucral bracts. Those types with spinose upper 
leaves develop this character in the bracts, while in the almost spineless forms 
the spines on the bracts are few and short. In some types, the lower imbri- 
cated portions of the bracts are covered with soft white hairs, in others, these 
are nearly absent and the unopened buds look green. The hoary or green 
appearance of the capitulum is a remarkably constant character and one that 
has been made use of in classifying the types. 
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Florets. The. colour of the florets varies from whitish t«> ;dim»! mi 
(Plate II), Between these extremes, yellowish and slightly reddish inter 
mediate types occur. These differences arise from the yellow and red colon t int: 
matters iu the floret and the degree to which the red colour is developed ran 
be seen both in the unopened buds and in the faded corollas. 


Classification* of the types. 


I. Outer bracts lanceolate, distinctly spitiose. 
1. Bracts smooth, green. 


A. Florets white. 

Type 1. Plants tall, erect, leaves dark green, incised. 
Intermediate as regards time of flowering, very lata in 
ripening. 


B. Florets yellow, not turning red on fading. 

Type 2. Plants intermediate in height, spreading; leaves 
light green, incised, bracts long. Intermediate as regards 
time of flowering. 

Type 3. Plants intermediate iu height, spreading ; leaves 
dark green, serrate. Very early. 

Type 4. Plants short, spreading ; leaves very light green, 
margin dentate ; bracts short and narrow. Very early. 

C. Florets yellow, turning to red on fading. 

a. Flower buds yellow with a red dot on the apex. 

Type J. Plants intermediate in height, somewhat erect ; 
leaves very dark green, dentate. Karlv. 

b. Flower buds yellow with no red dot. 

Type. 0. Plants intermediate in height, spreading; leave* 
somewhat light green, serrate. Very early. 

Type 7. Verv similar to type 0, but the plants are some- 
what taller and later and the leaves lighter in colour. 


II. Outer bracts ovate to rounded, moderately spmo>« to spu, 1 
1. Bracts hairy, whitish. 

A. Florets yellow, hot turning to red on fading. 


a. Flower buds pale yellow. 

Type 8. Plants intermediate in 
dark green, serrate. Karly. 


height, spreading ; 


ieuv< * 
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b. Flo'wer buds deep yellow. 

Type 9. Plants tall, spreading ; leaves dark green, almost 
spineless, serrate. Early. 

R. Florets yellow, turning to red on fading. 

a. Flower buds deep yellow. 

Type 10 . Plants tall, very erect with long almost parallel 
branches ; leaves long, dark green, almost spineless, 
serrate. Late. 

Type 11. Plants tall, very erect, branches shorter than in 
type 10; leaves dark green, spines few, serrate. Early. 

Type 12. Plants rather tall, somewhat erect ; leaves dark- 
green but lighter than in type 12, seriate; early (later 
than type 11). 

Type IS. Plants tall, erect ; leaves long, light green, 
spines few, incised. Late. 

b. Flower buds deep yellow with a trace of red near the apex. 

Type 14. Plants tall, erect ; leaves long, dark green, 
spines few, incised. Intermediate in time of maturity. 

c. Flower buds deep yellow, reddish near the base. 

Type lo. Plants short, spreading; leaves light green, 
spinose, serrate ; bracts spiny. Very early. 

Type 16. Plants intermediate in height, .spreading ; leaves 
light green, spines few. Intermediate in time of maturity 

d. Flower buds deep red with a yellow apical point. 

Type 17. Plants tall, erect with long branches ; leaves dark 
green, nearly spineless, incised. Late. 

Bracts almost smooth, green, florets yellow 7 turning to red on fading 
A. Flower buds deep yellow. 

Type 18. Plants tall, branching above the ground, erect 
leaves long, somewhat light green, nearly spineless, deeply 
incised. Late. 

Type 19. Plants tall, erect, branching from the ground 
leaves long, dark green, nearly spineless, incised. 1 en 
late. 

Type 20. Plants short, somewhat spreading, very spinos* 
leaves small, very light green, serrate. Very early. 
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B. Flower buds deep yellow with a reddish npe\» 

Type 21. Plants intermediate in height, somewhat N p,- ( . ;ll ; 
mg; leaves somewhat light green, incised. Late. 

Type 22. Plants tall, somewhat erect, leaves dart mwa 
incised. Early. 

C. Flower buds deep yellow with a reddish base. 

Type 23. Plants short, spreading; leaves light green, 
serrate. Intermediate as regards time, of maturity. 

D. Flower buds deep red with a yellow apical point. 

Type 24. Plants tall, erect; leaves long, somewhat lieht 
green, incisions lew. bate. 


Description op the Types. 


I. Outer bracts lanceolate, distinctly spinosc. 

Type /. Intermediate as regards time of flowering but very late in 
maturing, height 137 cm., habit erect-. Leaves 17 X 5 cm., incised, darh 
green. Inflorescence leaves lanceolate, spinose-serrate with long spines. Outer 
involucral bracts leafy, constricted above the base, lanceolate, spiny (spines 
long) ; inner bracts narrower, 3x1 cm. Florets white in mature bud or when 
open, fading to dirty white. 

Type 2. Intermediate as regards maturity, height 113 cm., habit spread- 
ing. Leaves ‘23 x 8 cm., incised, light green. Inflorescence leaves lanceolate, 
spinose-serrate with long spines. Outer involucral bracts leafv, constricted above 
the base, lanceolate with long spines ; inner bracts narrower, 3 X 1 cm. Floret* 
deep yellow in mature bud, yellow when open, fading to brownish yellow. 

Type 3. Very early, height 118 cm., habit spreading. Lrucex 22 x <> 
cm., serrate, dark green. Inflorescence leaves lanceolate, spinose-serrate 
with long spines. Outer involucral bracts leafy, const licted above the base, 
lanceolate with long spines; inner bracts narrower. 3 x 1 cm. I lords deep 
yellow in the mature bud, yellow when open, fading to brownish yellow. 

Type 4. Very early, height 93 cm., habit spreading. Leaves l f > I 
cm., oblanceolate, dentate, very light green. Inflorescence leaves lanceolate, 
spinose-serrate with long spines. Outer involucral bracts leafy, const j k fed 
above the base, lanceolate with long spines; inner bracts narrower 2 1 X ^ 
cm. Florets deep yellow in the mature bud, yellow when open, lading i" 
brownish yellow. 
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Type o. Ear.ly, height 115 cm., habit spreading. Leaves 19 X 6 cm., 
oblanceolate, dentate, very dark green. Inflorescence leaves lanceolate, spi- 
nose-serrate with long spines. Outer involucral bracts leafy, constricted 
above the base, lanceolate with long spines ; inner bracts narrower. Florets 
deep yellow in the bud with a red dot on the apex, yellow when open, fading 
to orange red. 

Type 6 . Very early, height 145 cm., habit spreading. Leaves 20 x 6 
cm., oblanceolate, serrate, somewhat light green. Inflorescence leaves 
lanceolate, spin osc-sei rate with long spines. Outer involucral bracts leafy, 
constricted above the base, lanceolate with long spines ; inner bracts narrower 
3x1 cm. Florets deep yellow in the mature bud, yellow- when open, fading 
to OTange red. 

Type 7. Early, height 133 cm., habit spreading. Leaves 19 x 5 cm., 
oblanceolate, dentate, light green. Inflorescence leaves lanceolate, spinose- 
serrate with Jong spines. Outer involucral brads leafy, constricted above the 
base, lanceolate with long spines; inner bracts narrower, 4 '4 X 11 cin. 
Florets deep yellow’ in the mature hud. yellow when open, fading to orange red. 


II. Outer bracts ovate to rounded, moderately spinose to spineless. 

Type 8. Earlv, height 117 cm., habit spreading. Leaves 18 x 5 cm., 
oblanceolate, serrate, dark green. Inflorescence leaves lanceolate, spinose 
with short spines. Outer involucral bracts leafy, constricted above the base, 
elliptical wit-h a few short spines ; inner bracts narrower, felted, 3 x 1 cm 
Florets pale yellow 7 in the mature bud and when open, fading to a brownish 
tint. 

Type 9. Early, height 148 cm., habit spreading. Leaves 21 x 5 cm., 
oblanceolate, serrate, dark green. Inflorescence leaves lanceolate, almost 
entire with a few very short spines. Outer involucral bracts leafy, constricted 
above the base, lanceolate to ovate, with a few T short spines ; inner bracts 
narrower, 2x1 cm. Florets deep yellow in the mature bud, yellow when 
open, fading to brownish yellow. 

Type 10. Late, height 162 cm., habit erect. Leaves 25 X 7 cm.. 
oblanceolate, serrate, dark green. Inflorescence leaves lanceolate, entire with 
occasional short spines. Outer involucral bracts leafy, constricted above the 
base, elliptical, entire with occasional short spines ; inner bracts narrower 
felted, 2*5 x 1*6 cm. Florets deep yellow in the bud and when open, fading 
to red, 
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Type, 11. Early, height Mo cm. habit erect. ha«,< -jo x nu 
oblanceolate, dentate, dark green. Inflorescence fours lanceolate. 
serrate with short spines. Outer involacral bract* leafy, constricted ahove th,- 
base, elliptical, entire with occasional short spines: inner bracts nanowvi 
felted. Florets deep yellow in the mature hud, yellow when just open, fadnm 
to orange red. 

Type 12. Early, height 121 cm., habit somewhat erect, hares [<i x 5 
cm., oblanceolate, serrate, somewhat dark green. Inflorescence fours lan- 
ceolate, almost entire with occasional short spines. Outer unvlncral hearts 
leafy, constricted above the base, elliptical, almost entire with occasional 
short spines ; inner bracts narrower, felted. Florets deep yellow in the mature 
bud., yellow when open, fading to red. 

Type 13. Late, height 155 cm., lmbit somewhat erect, hares i 1 ;! x 5 
cm., oblanceolate, incised, light green. Inflorescence fours lanceolate, spin- 
ose-serrate with short spines. Outer inrol acral bracts lea IV, constrict ed 
above the base, obovate to rounded, with occasional short spines : inner 
bracts narrower, felted. Fiords deep yellow in the bud, yellow when open, 
fading to orange red. 

Type 14. Intermediate as regards time of maturity, height 1 52 cm., 
habit somewhat erect. Leaves 22 X 6 cm., oblanceolate. incised, dark green. 
Inflorescence leaves lanceolate, spino.se -serrate with short spines. Outer him- 
literal brads leafy, constricted above the base, elliptical to rounded, almost 
entire with occasional short spines : inner bracts narrower, felted. Florets 
deep yellow in the bud with a trace of red at the apex, yellow when open, 
fading to red. 

Type lo. Early, height 99 cm., habit spreading. Leaves 15 x 1 cm., 
oblanceolate, serrate, light green. I n florescence I cares lanceolate, spinnse- 
serrate with a few short spines. Outer involacral brads leafy, constricted 
above the base, lanceolate, spi nose-serrate with numerous short spines ; inmw 
bracts narrower, felted. Florets deep yellow witli a red ring near the hw.se in 
the mature bud, yellow when open, fading to red. 

Type 16. Intermediate as regards time of maturity, height 111 cm. 
habit spreading. Leaves 18 X 5 cm., oblanceolate, serrate, light green, he 
florescence leaves lanceolate, spinosc scrrate with a few short spines. Outer 
involucral bracts leafy, constricted above the base, lanceolate to elliptical, 
almost entire with occasional short spines ; inner bracts narrower, felted. 
Florets deep yellow with a red ring near the ba.se in the mature bud, yellow 
when open, fading to red. 
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Type It. Later height 167 cm., habit erect. Leaves 30 X 8 cm., 
oblanceolate,' incised, dark green. Inflorescence leaves elliptical, entire, without 
spines. Outer involucral bracts leafy, constricted above "the base, ellipti- 
cal, entire, without spines; inner bracts narrower, felted. Florets deep red 
with a yellow apical point in the mature bud, orange red with a little 
yellowness when open, fading to a deep red. 

Type 18. Late, height 148 cm., habit erect. Leaves 28 x 6 cm., 
oblanceolate, deeply incised, somewhat light green. Inflorescence leave > 
lanceolate, almost entire with a few Bhort spines. Outer involucral bracts 
leafy, constricted above the base, elliptical to lanceolate, almost entire with 
occasional short spines ; inner bracts narrowev, smooth. Florets deep yellow 
in the mature bud. yellow when open, fading to red. 

Type 19. Very late, height 168 cm., habit erect. Leaves 30 x 6 cm., 
oblanceolate, incised, dark green. Inflorescence leaves lanceolate with a few 
short spines. Outer involucral bracts leafy, constricted above the base, 
elliptical, almost entire with occasional short spines. Florets deep yellow 
in the mature bud, yellow when open, fading to red. 

Type 20. Very early, height 98 cm., somewhat spreading. Leaves 
14 X 4 cm., oblanceolate, serrate, very light green. Inflorescence leave » 
lanceolate, spinose- serrate with numerous spines. Outer involucral bracts 
leafy, constricted above the base, linear lanceolate, spinose-serrate with 
numerous spine3 ; inner bracts narrower, smooth. Florets deep yellow in 
the mature budj yellow when open, fading to red. 

Type 21. Late, height 128 cm., habit spreading. Leaves 20 x 6 cm., 
oblanceolate, incised, somewhat light green. Inflorescence leaves lanceolate 
spinose-serrate with numerous short spines. Outer involucral bracts leafy, 
constricted above the base, lanceolate, spinose-serrate with numerous spines ; 
inner bracts narrower, smooth. Florets deep yellow in the mature bud with 
a red spot on the apex, yellow 7 without the red spot W'hen open, fading to red. 

Type 22. Early, height 131 cin., habit somewhat erect. Leaves 
19 X 6 cm., oblanceolate, incised, dark green. Inflorescence leaves lanceo- 
late, spinose-serrate with numerous short spines. Outer involucral brads 
leafy, constricted above the base, obovafce to rounded, spinose, inner bracts 
narrower, smooth. Florets deep yellow with a red spot on the apex in the 
mature bud, yellow without the red spot when open, fading to red. 

Type 23. Intermediate as regards time of maturity, height 105 cm., 
habit spreading. Leaves 19 x '6 cm., oblanceolate, serrate, light green. In- 
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florescence leaves lanceolate, spinose-serrate with sliort spiles. Outor imoU 
ucral bracts leafy, constrictor! above the base, elliptical, apinraw-surrato with 
a few short spines; inner bracts narrower, smooth. Florets deep veltuw 
with a reddish base in the mature bud, yellow when open, fading to red. 

Type 24. Late, height 156 cm., habit erect, leaves 25 x 6 cm., 
oblanceoiate, incised, somewhat light green. Inflorescence leaves lanceolate, 
nearly entire with a few short spines. Outer involucral brads leafy, con- 
stricted above the base, elliptical with a few short spines ; inner bracts 
narrower, smooth. Florets deep red with a yellow apical point in (he 
mature bud, orange red when open, fading to a very deep Ted. 

IV. ECONOMIC ASPECTS. 

As safflower is cultivated either for the oil in the seeds or for the dvc in 
the flowers or for both, it is interesting to compare the oil content and the 
colour of the faded florets in the types which have been isolated. The percen- 
tage of oil or rather the percentage of the seed extracted by ether lias been 
determined in the Chemical Section at Pusa with the following results 


Table VI. 


Oil content of the types of Indian safflower. 


Type 

1 

Dato of 
appearance of 
first flower j 

Weight in 
grammes of 
100 seeds 

1 

Percentage Colour of faded 
of oil florets 

1 

1 

2-3 14 

6 T 

13 86 

Colourless 

o 

252-14 

4-4 

26*86 

'< Light brown 

3 

16214 

5-6 

24*12 

i Brown 

4 

14-214 

3-9 

25 60 

Brown 

5 

23-2-14 

4 6 

27*26 

Red 

6 

23-214 

5'1 

26 77. 

Reddish yellow 

7 

20-2 14 

5-0 

30*19 

Reddish yellow 

8 

23-214 

4 2 

24 00 

! Light brown 

9 

23 2 14 

4-8 

27*99 

Brown 

10 

3-3-14 

4 *2 

25*54 

Red 

n 

23-214 

3-2 

28*19 

Red 

1‘2 

20-2-14 

51 

27*i8 

Red 

13 

2-3-14 

4-0 

1 24 43 

Red 

14 

25-2-14 

3*8 

27*19 

Red 

15 

20-2- 4 

3'1 

26*42 

Red 

16 

27-2-14 

39 

25*72 

Red 

17 

9 3 H 

3*9 

28*64 

Deep red 

18 

2-3 14 

i 4*2 

24*99 

Red 

19 

10-314 

2-8 

28*95 

Red 

20 

23 2-14 

4*3 

26 53 

Red 

21 

23 2-14 

2-9 

25*46 

Red 

22 

23 

20-2-14 

25-2-14 

5-3 

34 

i 20*77 

28 35 

! Red 

Deep red 

24 

4-3-14 

3*1 

26*82 

Deep red 
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An examination of the table shows that there is no antagonism between 
high oil-content and the full development of the red colouring matter as indi 
cated by the faded florets. Oil-yielding and colour-producing capacity appear 
to be independent of one another. Indeed, Borne of the types, snch as 17 and 
24 which are high in oil, also develop a deep red colour in the florets. This 
does not necessarily mean that these types will be the best yieldeTs. Cropping 
power dopends on other factors in addition to the percentage of oil and the 
development of the red colour. The habit of the plant, the development of 
the root system and the time of flowering and maturity influence yield to a 
very great extent. 

In order to obtain a definite opinion on the range in colour content of 
representative types, samples of flowers were prepared in tho country 
fashion and submitted to Dr. Marsdcn, Tinctorial Expert to the Government 
of Madras. The flowers were picked before fading and afterwards pounded 
in a mortar with a little water. The soluble yellow substance was squeezed 
out and the residue pressed into a cake. These cakes were kept covered for 
a night, broken up and dried in the sim the next day. Twelve samples were 
submitted to Dr. Marsden, three of which (types 1, 8 and 9) did not develop 
any red colour on fading. His report, dated May 3rd 1915, was as follows 

** I am sending to-day, dyed hanks giving the comparative strengths of 
the samples of safflower forwarded to me. 

The method of treatment was the same in each case, a weighed quantity 
of the flowers being taken and extracted with water slightly acidified with 
acetic acid until the yellow colouring matter was almost entirely removed. 
As the washing proceeded, the residual flowers became bright red coloured and 
when the washings were but faintly coloured the extraction was continued with 
a measured, dilute solution of carbonate of soda. The flowers were left a dull 
drab colour by this extraction and hanks of bleached cotton yarn were worked 
in the extracts and the dyeings finished by the addition of tartaric acid. 

The shades are of the same tone in general, but No. 23 and Dacca are 
somewhat duller and bluer than the others. 

With regard to intensity of shade, I would place them in the following 
order— Type Nos. 24, 17, Dacca, 20, 16, 23, 10, 12, 5. 

Nos. 1, 8, 9, contain no red dye. I have no tintometer with which to 
measure the absolute depths of shade but I estimate that type 24 is about 
eight times as rich in dyestuff as type 5. 

With regard to the value of the dyestuff this of course is a question of 
taste and market demand. The shade is delicate in tone, but it is also very 
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sensitive and is changed so readily by various influences (alkali, acid, li^ ) that, 
there can be no possibility of the dye finding any application in direct i»n* ; n 
which the market demands any degree of resistance to these inHuomvs 1 * N 
properties in this respect are so poor that it possessed no chance of competin' 
with the first synthetic dyestuff placed on the market which approximate 
to it in shade and now there are many which surpass it in brilliance, fat- 
ness and general utility, so that I see no hope of it ever again coming into 
general use. The rhodamine dyes displaced it when they were, {fist dis- 
covered, even though they were sold at 25 to 30 shillings a pound and I heir 
price now being down to between one and two shillings, it is hopeless t o think 
of their use being given up when the tests show that. 1 lb. of say rhodamine Gd : 
is equal in dyeing power to 100 lb. of safflower, and the manipulation is 
easier.” 

The report brings out quite clearly the great range in colour content in 
the types which it would appear can be judged roughly by eye. after the yellow 
colouring matter has been extracted. In spite of the fugitive nature of the 
dye, it is interesting to find that it is still used in India and has not vet been 
entirely displaced by synthetic products. 

The chief value of the crop at the present time is undoubtedly the oil in 
the seeds while the colour in the flowers is only a secondary matter. Where 
the crop is of sufficient importance, its improvement is a comparatively simple 
matter. Form separation is clearly indicated as the method to be followed 
and ouco the types have been separated from the heterozygotes and studied 
in pure culture, all that is necessary is to compare the yields of all the likely 
kinds. In such work, four main points have to be considered in selecting for 
yield— oil-content, time of maturity, habit and colour content. The types 
which branch and stand well, such as Nos, 5, fi, 7, 14, 15, lfi and 19 are likely 
to yield better than the tall types with crowded branches. The time of flower- 
ing and the period when ripening takes place are also important. \\ liile the 
improvement of safflower by selection is not likely to be difficult, it will not 
bean easy matter to establish a superior kind on a large scale. Once a stock 
of pure seed has been obtained, it will be necessary to replace the country crop 
entirely and to carry this out on a systematic plan starting from a given centre. 
If yfcliis is not accomplished, natural crossing will take place and little or no 
permanent improvement will result from distributing seed. Ihe improve 
ment of a crop in India, in which natural crossing is common, is Largely a matter 
of organization and the isolation of a better kind can only be regarded as an 
important step in the work. 



INDIAN MUSTARD (RAI). 

I. INTRODUCTION. 

Indian mustard ( Brassica juncea , H. f. & T.) is fairly extensively cul- 
tivated in the Gangetic plain, particularly in Bengal and Bihar. In the United 
Provinces and the Punjab, mustard gives place to rape ( tori or farm). 
According to Duthie and Fuller, 1 mustard is rarely grown alone in the 
United Provinces but is subordinate to wheat, barley and peas and is usually 
restricted to the borders of fields. Watt 2 states that mustard yields less oil 
than rape (one-fourth instead of one-third) to the weight of seed and that 
the oil is less esteemed as an article of food. The seed is very generally used 
in India as a spice to give flavour to vegetables and sometimes also as a 
medicine. 

The area under this crop in India is not given separately in the Agricul- 
tural Statistics of India but is included with colza ( sarson ) and rape as f< rape 
and mustard/’ The export of mustard, however, is given separately and, in 
1912-13, amounted to 73,058 cwt. 3 

In 1909, a beginning was made at Pusa in the study of the oil seed crops of 
India belonging to the genus Brassica. For this purpose, 144 samples of seed 
of these crops, which had been collected from various parts of India, were sown 
at Pusa. In nearly all cases, the samples were mixtures of varying propor- 
tions of mustard, colza and rape. As it was not possible to deal simultaneously 
with all the forms of these three species which appeared in the cultures, type 
separation was limited to the mustard crop. Seif -fertilized seed of three 
hundred and ninety-eight single plants of mi was obtained at the harvests 
of 1909 and 1910. Many of the plants, however, proved to be heterozygotes 
and most of these splitting cultures were rejected. In 1914, one hundred 
and two distinct types, which bred true, remained. These 102 pure lines, 
which are all quite distinct in the field, form the material on which our study 

i Duthie and Fuller, Field and Garden Crops of the. Norih-We&Urn Province t and Outik, 
vol. ir, 1883, p. 33. 

5 Watt, Commercial Products of India , 1908, p. 181, 

a Annual Statement of the Sea-borne 7'r ads and Navigation of British^India, vol. I, 1913, 
p. 685, 
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of Indian mustard is based. As the original seed was collected h-in .1 wide 
area and as many as 398 single plants were originally selected iu In l", i; \< 
evident that the Pusa cultures can he taken to represent adc<]U;!{fiy r b.- 
botanica! constitution of this crop. 

The botanical aspect of the various oil seeds of Bengal and Biluir. M"iigin;: 
to the genus Brassica, has been studied in detail by Praia 1 and i)i<“ ivhiIi.-; 
naturally foini the beginning of any further work on these crops. ite sums 
up his account as follows 

“ As regards the relationship that our three staple mustard -oil crops 
bear to the corresponding crops in Europe, it may be tentatively 
held : — 


(1) that rai (Brassica juncea) is a crop not grown in Europe, at any rate 
oil a commercial scale, but that it takes the place here of Bra men myni and 
Brassica alba , which in turn are not grown in India : 


(2) that sarson ( Brassica campeslris var. so r son) is a crop not, grown 
largely, if at all, in Europe, but that in India it takes the place both of 
Brassica compestns var. oleifera and Brassica Rapt var. ok if cm, which in 
turn are hardly ever met with here. 


(3) that tori ( Brassica Napus var. dichotoma) seems to he, the wiine plant, 
as Brassica prcecox (summer rape) or if not the same is at least very like 

and very near it and is undoubtedly the plant that m India takes tin* place 

of Brassica prcecox and of Brassica Napus var. oleijent. 

Pram concludes that rai or Indian mustard is (lie most important, of 
the three species of Brassica grown in Bengal and Bihar, and is met, w it < «vm> 
where “ except in Chota Nagpur where it is practically unknown. »■ >s easi > 
recognised by having none of its leaves stem-clasping and, .Her reaping, . > 
seeds, which arc brown, can Ire readily distinguished from those of /«*. 
Indian rape, by their smaller sire, their being distinctly rugose, and being re, - 
dish brown all over. From sarsor,, which has white seeds or, less often 
Bengal, brown seeds, it is equally easily distinguished ; 
always considerably, often very much larger, and even when brow n la, 

the seed coats smooth. 

There are three sub-races, a tall, laic kind, and two shorter ta 
kinds, one of these latter with bristly hairs, the other smooth with darker 

coloured stems.” 


1 Prain, The Agricultural Ledger , vol. V, 19>Jb P 1 
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II. BIOLOGY OF THE FLOWER- 

Flowebing. 

....At. first, the flowers form short corymbs about 2*5 cm. long vhen 
the lowest flower opens after which the inflorescence elongates into a raceme 
from 20 to 80 cm. in length. . The flowers are borne on pedicels, each from 
0'4 to 11 cm. long, which are without bracts or bracteoles. As the fruit 
ripens, the stalks slightly increase in length. 

The total flowering period varies considerably according tQ the earliness 
or lateness of the type. The onset of the hot winds at once terminates the 
flowering of all late forms but does not affect the early kinds sb these have 
ripened- most of their seed before the hot weather begins. -Observations, 
made in 1915 on 21 types, showed that the flowering period varied from 43 to 
64 days. The earliest type commenced to flower on November 10th, 1914 
and the latest on January 2nd, 1915. 

The flowers of the racemes open in acropetal succession. As a rule, two 
to four flowers are open at once on each raceme and when the plants are in 
full bloom each may carry as many as ten open flowers at the same time. 
Most of the flowers begin to open from 9 a.m. to 12 noon, but some partly 
open up to 4 p.m. and a few before 9 a.m. They remain open for three days, 
fading gradually every day and on the fourth day the petals and sepals are 
shed. 


Pollination. 

In the bud stage, the immature stamens are always below the stigma. 
Before the flower opens, the style often increases in length and the sepals 
and petals expand just sufficiently to produce a small opening at the apex 
through which the stigma is extruded into the air to a distance of 2 mm. 
As a rule, the extrusion of the stigma takes place in the evening, and 
all such flowers invariably open the next morning about 9 A.M. The length 
of style extruded varies a great deal even in the same plant but in many cases 
the stigma does not grow out into the air but remains flush with the opening 
of the tube formed by the corolla. Observations oh December 18th, 1914 
showed that out of 36 flowers which opened the next day, 18 showed extruded 
stigmas the previous evening. The stigmas are receptive as soon as they 
reach the outer air. Soon after the extrusion of the stigma, two other changes 
take place — the sepals begin to open and the corolla and stamens begin to 
grow. The increase in length of the corolla is so rapid that it soon grows past 
the stigma and this latter disappears again before the flower opens the next 
morning. Just before opening, the filaments have carried the anthers almost 
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Burmese Rai (Type 103.) 


FLOWERING DETAILS IN RAI AND MOHARI. 
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up to the stigma (Plate III). Soon after the corolla opens, the filament* 
of the long stamens turn half round so that the pollen-covered surfaces of , l„i,. 
burst anthers are turned towards the adjacent short stamens which have 
their pollen surfaces directed towards the style (Fig. 1.) At this period, the 



Fig. 1. Pollination by bees. 

nectar is secreted, particularly by the pair of nectaries on the inner side of the 
bases of the short stamens. Large bees in great numbers visit the flowers soon 
after they are open. These insects, in searching for honey, always deal with 
one side of the flower first and insert themselves between the burst, long ami 
short stamens. The short stamen touches the under side of the thorax while 
the long stamens touch the bee’s head and the stigma at the same time. The 
bee then passes over the stigma to visit the nectary on the other side and 
again conies between the other set of burst anthers touching the Stigma again 
with the pollen-covered thorax. These arrangements are obviously effective 
in promoting pollination and it is clear that a certain amount of crossing 
is to be expected. The small bees which visit the flowers for the nectar 
do not act in the above manner but take nectar from the side direct 
without passing over the stigma. All pollen-gathering bees, however, move 
over the stigma and so bring about pollination. In the absence of insect 
visitors, pollination is effected by the long stamens, the upper portion of the. 
anthers of which bends towards the stigma so that any slight shaking of tin. 
flower by wind is sufficient to accomplish the transfer of pollen, this is con 
firmed by the fact that the flowers set normally under bag or under nets w ithout 
any difficulty. 

Natural cross-fertilization. 

Large series of rai cultures have, on two occasions, been gioMn at 
Pusa primarily for the purpose of form separation. These cultures also aflonl 

evidence as to the occurrence of heterozygotes hi the ordinary ciop. 
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In 1909, 82 different Bingle plants were sown. Of these, 55 bred true and 
27 gave rise to mixed cultures. Seventeen plants split with regard to the 
close or open arrangement of the pods 1 while 10 split into tall and short 
plants. 

In 1910, 316 additional single plants were selected from the produce 
of seed collected from many parts of India. In every case, the seed of these 
316 plants was raised under hag so that no crossing took place at Pusa and 
any heterozygotes must have been produced in the districts. An examina- 
tion of these cultures showed that 174 were mixed while 142, or nearly 45 per 
cent., bred true. An examination of the cultures, which were not uniform, 
showed that splitting took place in many directions such as hairy and smooth 
leaves, spreading and appressed pods, late and early ripening and tallness 
and shortness. Thus out of a total number of 398 single plant cultures grown 
at Pusa, no less than 197 or 49‘5 per cent, bred true. These figures indicate 
that crossing is not so common in mi as would be expected judging only 
from the structure of the flower and from the method of pollination. It is 
clear that in a selection such as this, primarily intended for form separation 
in which every type is isolated, the results do not give any true idea of the 
proportion of natural crosses in the country crop. The method would favouT 
the selection of heterozygotes as it includes every plant which appears a little 
different from the rest. 

In 1915, the seed of five types, obtained from free-fiowering plants growing 
side by side, was sown and the resulting cultures examined for heterozygotes. 
The results (Table VII) give a fair idea of the amount of crossing which 
takes place in any year when different types are grown in lines next to next 
and when no precautions are taken to exclude the visits of insects. 

Table VII. 


Crossing in rai at Pusa in 1914. 


Type [ 

i 

Total nu m bar 

N umber cf 

Percentage of 

of plants 

heterozjgotes 

crossing 

7 

307 

23 

7 0 

17 

235 

20 

8*5 

83 

241 

45 

18*7 

91 

71 

24 

33-8 

226 D 

213 

39 

18*3 

Total 

. 1,067 

151 

Average 34*1 


These results show that in rai self-pollination is the rule and that cross- 
pollination takes place to some extent. A study of the country crop shows 

' Mem. Dept. Agr. in India ( Botanical Strut), vol> III, 1910, p. 318. 
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that while heterozygotes occur, a large proportion of t-h# cnp br<v<is tm<*. 
When pure lines are grown next to next and allowed to cross, the Lhisa ;■ -alls 
of 1915 show that about 15 percent, of crossing takes place in any one year 
when a very large number of types are grown next to next in Vims. In fli** 
field, the proportion of heterozygotes produced in any year would naturally 
be far few r er than 15 per cent, as the opportunities for crossing In-huwn 
different types would he much less. These results agree with the experience 
of von Riimker, 1 iu the case of rape at Breslau, who states that in this crop 
self-fertilization is the rule while cross-fertilization is possible. 

As would be expected from the predominance of self-fertilization in w, 
the continued propagation of the types from seed obtained from protected 
flowers leads to no apparent loss of vigour. In 1911-15, a careful comparison 
was made between plants raised from bagged and unbagged seed in the, case 
of four types. The cultures were grown next to next and no differences in 
size or in vigour of growth could be detected. 

Hybridization. 

All the various types of Indian mustard cross freely among each 
other and also with the forms isolated from Burma mustard mentioned 
on page 268. Some crosses between various types have been earned to 
the second generation when the following results were obtained. 

(1) When tall and short types are crossed, the hi generation is in .some 
cases taller than the tall parent, while in other cases it is intermediate, as will 
be seen in Table VIII in which the results of 1913-11 arc shown. ' 



Table 

VIII. 



The inheritance of height in rtti 


Parents 

Height in v 

Height 

feet 

feet 


Pare ut— Type 4 
Parent— Burma 226 I> 

5*5 

4 3 

Pi Type 4 x Burma 526 l> 

6 

Parent— Type 4 
Parent— Burma *218 

5f> 

5*8 

Fi Type 4 x Burma 21* 

F. Type 39 x Burma 226 i) 

C'U 

Parent— Type 39 

5'.) 

4*1 

Parent— Burma 226 D 

Fi Type 39 x Burma 21* 


Parent— Type 39 

54 

trJ 

Parent— Burma 218 
Parent— Type 10*2 

S*9 

W 

Fi Type UK x Burma 220 1> 


Parent— Burma 22G D 
Parent— Type 102 
Parent— Burma 218 

F, Type 102 * Burma 218 


95 

59 



1 ZeiL /. rjfmzsm- 

iiefttung, I. 327. 191.?* 
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In tie first fodr crosses tie Fj is taller than the taller parent while m the 
last two it is intermediate. 

(2) When types with close and spreading pods are crossed, the progeny 
shows that the close arrangement is prevailing. 

(3) When Indian mustards with divided leaves are crossed with the 
Burma forms with entire leaves, the Fj is intermediate while a series is obtained 
ia the F 2 (Plate IV). 

(4) When late and early forms are crossed, the Fj is intermediate. 


m. FORM SEPARATION. 

The forms of Indian rai so far studied agree with the following general 
description of the crop which has been adapted from Prain’s account : 

A cold weather crop in the plains of India of tall, annual, much-branched 
or spreading herbs from IK) to 285 cm. high and 45 to 110 cm. across. Root 
slender, tapering, 15 to 35 cm. long. Leaves large, the blades of the basal 
from 15 to 48 cm. long, 8 to 20 cm. wide, sinuatc-lyrate, tapering to a stalk 
2*5 to 8 cm. long, decreasing upwards ; upper leaves small, narrow, sessile, 
entire with a slight development of bloom on the under surface. Stem branch- 
ing from the fourth or fifth leaf upwards, all branches about as long as the 
continued main stem and often again branching, usually more or less tinged 
with purple, especially near the joints. Flowers in short corymbs about 
2*5 cm. long when the first flower opens, subsequently elongating into a raceme 
20 to 80 cm. long with nearly equal slender pedicels 0*5 to 1*5 cm. long, 
without bracts or bracteoles, either spreading or appressed to the stem. Sepals 
slightly spreading, 0*5 to 0*75 cm. long, 0*1 to 0*15 cm. wide, green, turning 
yellowish before falling. Corolla. 1*2 to 18 cm. across ; petals with a pale 
green narrow claw 0'25 to 0*35 cm. long aud a bright yellow, spreading, regu- 
larly obovoid blade 0*6 to 0*8 cm. long, 0*5 to 0*75 cm. across. Pods 2-valved, 
Sat, including the beak 3*5 to 5 cm. long, 0*3 to 0*5 cm. wide, beak narrowly 
conical 0*7 to 1*0 cm, long ; valves convex, rigid, thinly leathery, distinctly 
beaded opposite the seeds, with a straight strong midrib, prominent outside, 
with rather strong prominent looped veins on each half valve. Seeds about 
10 under each valve, spherical, brown, finely rugose ; hilum the colour of the 
remainder of the testa ; cotyledons yellow. 

The size to which rai attains in India depends among other factors on 
,the soil temperature. At Pusa, in seasons when the kathia rains fail in October 
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anfts^bvu^aowiUg is carried out at the ordinary time in the warm snff. it ; s 
observed that the crop does not remain long in the vegetative combi inn in; 
commences to shoot prematurely and to flower early. The yield «{ seed under 
such conditions is low. This abnormal development in such seasons ran tn 
some extent be prevented by cooling the soil by cultivation in October and 
by late sowing. Similar abnormal growth is seen in c rops like vellnw-Hmwi- •. ■■! 
tobacco (N. rustica) and sarson if they are sown too early and before 1 he i 
has cooled sufficiently. One of the chief uses of the halftia rains in iiihai 
appears to be to cool the country low enough for the cold weather crops 
thrive. 

The 102 types of Indian mustard offer uo great difficulty in i-lassiliralmn 
provided this is based both cm morphological and on field diameters, l.'p to 
the division of the types into main groups, the classification follows the usual 
lines. The precise distinction between the types however can only bn fullv 
appreciated in the field when they are grown in lines, next to next, under 
uniform conditions. In this way. what may bo called tin* massed hahil comes 
into play and the small differences in the mode of branching, in tlic she and 
tone of colour of the leaves and in the time of ripening become added logo! In r 
and serve to distinguish the various forms. In herbarium specimens, those 
distinctions would be lost. The labour of reducing them to paper is so great 
that no effort has been made to accomplish this exceedingly difficult task. 
Before giving the actual classification, some reference is necessary to f In- 
most important characters on which it is based. 

Position of the pods. In the majority oi the types, the ripe, pods stand at 
an angle of about 50° from the axis of the inflorescence and in these eases t bi- 
pods can he described as spreading. In a few cases, however, and these do 
not seem to have been observed by Brain the pedicels when ripe slant! much 
closer to the axis at a general angle of Irons •> to 10 . hi (lu-se cases the 
pods are distinctly appressed. The position of the pods in the various types 
is very constant from year to year so that this character can be safely used 
in classification (Plate V). 

Hairs on the leaves. In the seedling stage, all the types have some bairn 
on the first leaves but the range between the hairy foims and those which are 
nearly smooth is very great. As growth proceeds and the lull sized h aves jr 
developed, these differences increase and when the plants have attained theii 
full development, the distinction between the hairy leaved and smooth baud 
types is well-marked. 
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Mode of bracking. The angle at which the secondary bribes ariisc 
varies considerably between the various types and is a definite character. 
This expresses itself also in the breadth of the full-grown plant and, provided 
the land on which the types are grown is uniform and provided the measure- 
ments are all taken at the stage when the plants are fully grown, the breadth 
measurements would express the general mode of branching. After the seeds 
begin to form, the plants bend over with the weight of the developing pods 
and this character then becomes less easily observed. 

Height. The height to which the types attain is very constant from year 
to year and this character is therefore of great use in the classification. It can 
most easily be measured by uprooting the ripe plants and measuring them with 
the roots upward. Height is generally correlated with time of flowering. The 
tall plants are always late while the dwarf types are always early. 

Growth 'period. The length of time between sowing and ripening is 
difficult to determine in Bihar as the onset of the hot weather is often so 
rapid that all late plants are dried up and normal ripening is then impossible. 
An accurate indication of the growth period is obtained, however, by the 
determination of the time when the first flower opens. This is earliest in 
the case of the rapidly maturing types and progressively later for the tall 
later kinds. 

T^eaf characters. The types differ considerably among themselves in 
details relating to the size, colour, and degree of division of the leave,?. 
These differences come out in the massed habit and help to distinguish the 
types in the field, but they almost defy description and could only be 
adequately dealt with by actual drawings or photographs (Plate VI.). 

The various types of rai which have been studied can be classified as 
follows : — 

I. Pods appressed to the stem. 

1. Upper leaves distinctly hairy. 

Types 1 to 6. 

2. Upper leaves smooth or nearly so. 

Types 7 to 16. 

II. Pods spreading. 

1. Upper leaves distinctly hairy. 

Types 17 to 69. 

2. Upper leaves smooth or nearly so. 

Typos 70 to 102. 
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vThe ; d j t«Kb'^clat i ng to the place of origin, the vernacular or .it hr, 
of the mixtures from which the types were isolated, the height and the i i 
flowering are given in the tables below. J u cases where the typo occur, 
a stray plant in a mixture this fact is indicated. 

Pods appiessed to the stem ; upper leaves distinctly hairy. 

Type 

Place of origin 

Vernacular name 

Height :u 

feet in Time of Howe 

1 

Bhagalpur 

Rai Jienari (stray) 

1914 

3-75 Early 

2 

Maidapur (Darhhanga) 

Rai (stray) 

i;» 

3 

Pusa 


5-75 

4 


.. 


6 


„ 

4 75 In termed iat<* 

Pods appressed to the stem ; upper leaves s 

month or nearly so 

7 i 

Pusa 

Sarson (stray) 

3-75 Karly 

8 

M 

Rai 

4-5 

9 

Shankar pur 


55 

10 

,i 


4 5 

» 

,, 

,, 

5 

12 

M 


.v?:, ,. ' 

13 

Pusa 


45 

14 

,, 

,, 

5 

15 



;{•') Intel mediate 

1G 



i 55 

Pods spreading ; upper 

leaves smooth or nearly so. 

17 

Maidapui* (Darbhanga) 

Rai 

3 5 ; Very early 

18 

„ 

.. 

3-75 

19 

Dacca 

Black sarson 

3 5 

20 

Patna 

Sarisha 

405 

21 

Ranchi 

Lalni 

3*75 ' ,, 

22 

Pusa 

: Rai 

5 25 it 

23 

Semai ia Ghat 

Jlaiivhi 

4*75 

24 

Patna 

Rai 

4 *25 

25 

Seraai ia Ghat 

Rainchi 

4‘5 ,, 
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Pods spreading ; upper leaves smooth or nearly so. 


rjpe 

Place of origin 

Vernacular name 

Height in 
feet in 
1914 

Time of flowering 

'26 

Allaliaba.fl 

Lahi 

3-75 

Very early 

27 

„ 

Sarson 

4 5 

Early 

28 

.Sul tan pur 

Rai 

4 '5 >t 

29 

M 

.. 

iV5 ,, 

30 

Benares 


5-75 ; „ 

31 

Hantirpur 

Lahi 

6-5 

32 

Fatehpnr 

.. 

6 

33 

Maiflapur (Darblianga) 

Rai 

5-75 j „ 

34 

Shahabad 

Lalkd tori 

6 .) 

35 

Dmnraon 

Jubbulpur mustard 

5*75 

Intermediate 

3G 

Pusa 

flat 

5 5 M 

37 

” 

” 

6 

39 

tihagalpur 

Rai Smari 

5-25 

40 

Dumraon 

1 

Jubbulpur mustard 

7 

41 

l Kheri 

Lnh i 

4*75 


42 

Fatehgarh 


6-75 

.. 

43 

| 

„ 

57.) 


44 

Pusa 

| 

Rai 

6 

Late 

45 

46 



05 


47 


„ 

675 


48 


„ 

6-25 


19 

| Sultanpur 

: »• 

6 


50 

: Agra 

Lahi 

6-25 


51 

Hyderabad 

Rai 

0-75 


52 

i Mirpur-khas 

Rape 

8 


53 

Dumraon 

Raipur mustard 

7*95 


54 

j „ ; 

Jubbulpur mustard 

8*25 


55 

Fatehgarh 

. Laht 

7 


56 

Hamirpur 


7-25 


57 

Delhi 

j Blank sarson (stray) 
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spading ; upper leaves smooth or 

nearly so. 

* 

Type 1 

Place of origin 

Vernacular name 

Height 
in feet in 
1911 

Time of dowerii.^ 

58 

Shahabad 

Lalka tori 


Late 

59 

Dacca 

Indian vape 

7-35 


60 

Meerut 

Black sar son 

6*5 


61 

Mirpur-khas 

Mustard 

6*5 


62 

.♦ 

- 

7M 


63 

Duraraon 

Raipur mustard 

* 


6i 

Aligavh 

Lnhi 

6 


65 

Hoshangabad 

Rai 

6 


66 

Ahmeclnagar 

Mohari 

7*75 


67 

Meerut 

Kali sarson 

4*5 


6H 

Aligarh 

La hi 

8 


69 

« 

Kali sarson 

7 


Pod 

s spreading; uppe 

• leaves distinctly hairv. 


70 ] 

71 

Uam-hi 

* 

: Taranxira {stray] 

2*3 

£*75 

Very early 

72 

1 llooglily 

Laid 

3*75 

“ 

73 

| Ballia 


3*5 


71 

Pusa 

Rai 

3*75 


75 

Basti 

•• 

4 ’25 


76 

Allahabad 

Re<l sarson 

4 


77 

Pusa 

Rai 

4’3 

liarly 

7S 

79 

. 80 

81 

" 

» 

•1*5 

4*75 

4“i) 

i 4*5 


82 

„ 

*' 



81 

Kheri 

Lain 



84 

Pusa 

Rai 

4 '75 

5 

Intermediate 

85 

Patna 

" 



86 

Benares 

, " 



87 

Pat eh pur 

, LaM 

J 
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Pods spreading ; upper leaves distinctly hairy. 


Type 

Place of origin 

Vernacular name 

Height in » 

feet in I Time of flowering 
1914 

88 

Maidapur (Darbhanga) 

Rai 

575 Intermediate 

89 

Delhi 

Black sarson (stray) 

7 | 

■ 90 

Fatehgarh 

Lahi 

5*75 

91 

Allahabad 

Sarson 

6 

92 

Bhagalpnr 

Rai Benari 

6 

93 

Pusa 

Tori (stray) 

575 j Date 

91 

„ 

Rai 

G | 

95 

„ 

„ 

6*25 ! „ 

90 

Kheii 

Lahi 

625 i 

97 

Ahmed nagar 

Mohari 

7 

98 

Aligarh 

Kali «ar«on 

7 j » 

99 

Dumraon 

Jnbbnlpur mustard 

6 

100 

North Ar cot 

Mustard 

| 8*25 [ „ 

101 

„ „ 

„ 

7 

102 

, ■’ ” 

■■ 

9*5 . „ 

i 


Burma Mustard. 

In a single sample of seed from Burma, described as mustard, a good 
many single plant selections were made, all of which gave mixed offspring. 
As these however set seed readily under bag, thirteen cultures breeding 
true (Types 103 to 115) were obtained in 19H. These cultures exhibit a 
great range as regards leaf form. In some, the lower leaves are entire, while 
in others, they are much divided and do not resemble any ordinary Indian 
forms of rat, tori , or sarson. The leaves also have a slight amount of bloom 
and a few hairs. 

These Burmese forms cross readily with the various types of Indian 
mustard. In one case, where a very deeply divided Burmese type was crossed 
with type 60, the leaves in the Fj were intermediate while, in the F 2 , a great 
range was obtained which is represented in Plate IV. 

The occurrence of these Burmese forms, with their curiously divided leaves, 
suggests the existence of oil seeds related to Indian rai which so far have not 
been described. The forms occurring in Burma are probably related to the 
oil -seeds of China. 
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Mohari. 

Wlftfe the work of form-separation in rat was in progress, a number of 
cultures of a somewhat similar plant were studied. These were obtained 
from seed described as mohari, from several places in Bombay, and as as/ 
mi and MuUani rai from Delhi and Amritsar. The seed is smaller and more 
pungent than that of im and is said to be used in many parts of India for 
piekling purposes under the name of asl rai. 

The plant appears to be an early form of Brassica nigra, Koch, The 
flowers of mohari are self-sterile so that the crop consists of a mass of 
heterozygotes in which form separation is impossible. 

So far, all attempts to raise seed by crossing mohari with rai pollen and 
rai with mohari pollen have failed. 

IV. SOME ECONOMIC ASPECTS. 

In the present state of our knowledge of the mustard crop in India, it 
is clear that the only liue of improvement worth striving for lies in the increase 
of the yield of seed. Questions of quality do not seem to arise and them are 
no indications in the literature which would lead one to suppose that any one 
form of rai is better than another either for local consumption or for the export, 
trade. 

The numerous types of rai, isolated at Pusa, differ very greatly from 
one another, both in time of ripening, in size, and in yielding power. There 
is every gradation between the dwarf, early-maturing forms and the taller 
robust kinds, characterized by greater yielding power. This great variety 
of form, obviously suited to a wide range of conditions, indicates that methods 
of form-separation or selection are the most likely to yield results of value 
in the work of improving the crop. Nothing would app ea, ‘ to he gained by 
hybridization until the great possibilities in selection have been completely 
exhausted. In this respect, rai is no exception to the rule. In the case of 
practically every crop in India, a botanical survey of the existing forms, accom- 
panied by suitable methods of form-separation, should always precede any 
hybridization work. It is only where selection has failed to yield the desired 
improvement and where a type has to be synthesized for a particular purpose 
that hybridization becomes essential. In rai, a certain amount of natural 
crossing is constantly taking place in the field between the various forms 
leading to fresh combinations of factors. If, therefore, the selection work is 
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carried out on a sufficiently broad basis, the new types produced are almost** 
certain to be secured in the process of form-separation. 

As the flowering period in rai is somewhat short, the question naturally 
arises whether a single pure line, however excellent, is better in the long run 
than a judicious artificial mixture of types, the combined flowering period 
of which is longer than that of the pure line. Besides the insurance against 
the weather afforded by extending the flowering period, a mixture of types 
would appear to have two other advantages. Crossing would take place 
between the forms leading, in many eases, to increased size and vigour. 
In addition, a mixture of forms of slightly different habit might fill up 
the available space, both as regards the range of the root system and as 
regards the above ground portion of the crop, to greatei advantage than 
a puro line. This is a matter for further experiment but it is obviously 
one which should be kept in mind particularly in those Indian crops 
where no question of quality is involved and wheie yield is the chief 
consideration. 

The seed supply in improved crops like rai, where the seed is not parti- 
cularly valuable, and where natural crossing takes place is a matter of some 
importance to an Agricultural Department. Each plant sets a relatively 
small quantity of seed and it is impossible in practice, od account of cost, to 
protect the seed crop on the large scale from foreign pollen. Total replace- 
ment of the existing crop in any area by an improved kind or by an improved 
mixture is obviously the only line of progress. For this to be effective, it 
is clear that there must be a central farm, producing a large bulk of seed every 
year, together with an efficient agency, working among the people, with this 
farm as a centre. In the absence of these arrangements, no real economic 
results are likely and it, is questionable whether the preliminary work of 
improvement, in such crops as Indian mustard, is worth while unless the 
means of pushing the work to its natural conclusion in the villages are certain 
to be available. 

In the case of rai, the replacement of the country crop by a superior 
variety will have to contend with difficulties apart from the question of central 
seed farms and an efficient organization in the Districts. These difficulties 
are concerned with self-sown seed and with the fact that the seeds of mi 
remain for a long time in the ground in a viable condition and germinate, a 
few' at a time, every year. The land becomes self-sown with rai, not only on 
account of the splitting of the pods at harvest time, but also on account of 
the shedding of whole fruits in the case of these types where the pods are 
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closely appresaed to the stem (Fig. 2). There is a 
Botanical area at Puaa of land self-sown with rai. 


very good example in the 
Four years ago, a plot of 



Fig. 2. Shedding of/pods in rat (Type 1). 

wheat with weak straw was sown with rai to ascertain whether the standing 
power of the wheat would be improved. At harvest time, a certain amount 
of the rai seed was shed. These seeds are brought neaT the surface again 
at sowing time in cultivation and every year a considerable number germinate 
in October and have to be removed. After four years, the number shows no 
diminution. In areas which grow a good deal of rai , similar self-seeding 
is almost certain to be taking place continually. If, therefore, an attempt is 
made to replace the rai crop by a better type in bucIi areas, it will be 
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impossible*to kee^ the new kind pure even if the country crop i$ replaced 
systematically by pure seed from a central farm. The ney? variety will be 
immediately contaminated by the self-sown seed of the original crop and 
complete replacement would be the work of years. 

Variety trials in mi on a field scale are not easy and are only possible 
at a well-equipped station. The contamination of the cultures through 
vicinism is bound to take place and seed raised from such plots cannot be used 
again with safety. Such trials therefore involve the production of self-fer- 
tilized seed in large quantities. Shedding of seed readily takes place at 
harvest so that reaping has to be carried out just before the plots are ripe. 
This involves the keeping separate and the safe storage of the different plots 
for some days during the drying process, a matter of some difficulty in the 
case of a bulky crop like mi. 


Quetta, 
June 23, 1915. 



PUBLICATIONS OF THE IMPERIAL 
DEPARTMENT OF AGRICULTURE IN INDIA. 


To B* HAD FROM 


Ths Office of the Agricultural Adviher to the Government or India 

PU34, Bihar ; ’ 


and from the following Agents :■ 


(1) THACKER, ftPINK k Co,. Calcutta. 


(2) W. NEWMAN A CO., Calcutta 

(3) RAI BAHADUR M. C, ~ 

SONS, Calcutta. 

(4) HIGGINBOTHAMS, Ltd, Madras. 

(5) THOMPSON k CO., Madras. 


(8) D. TV TATI APORF.VALA SONS & CO. 
Bombay. 

SAKKAR k (?) THACKER & CO.. Ltd., Bombay 

(8) SUNDER PANDUHUNG, IL-mmy. 

(9) Rai Sahih M. GULAB SINGH * 
sons;. Lahohe. 

(10) Manager, EDUCATIONAL BOOK 
DEPOT, Nagpur. 


Annual Report of the Imperial Department of Agriculture in India for the Year 1904-DA 
Price, As. 12 Or U. 'id. (Out vf print.) 

Report of the Imperial Department of Agriculture in India for the years 1905 08 and 1906-07. 
Price, As. 6 or 7<i. 

Report of the Agricultural Research Institute and College, Pusa (including the Report of the 
Imperial Cotton Specialist), for the years 1907— 09. Price, As. 4 or M. 

Report of the Agricultural Research Institute and College. Puna (including the Report of the 
Imperial Cotton Specialist), for the year 1909- Id. Price, As. 4 or 6d. 

Repoi’t of the Agricultural Research Institute ami College, Pusa (including the Report of tha 
Imperial Cotton Specialist), for 1910-11. Price, As. 8 or 7d. 

Report of the Agricultural lleseareh Institute and College, Pusa (including the Report of (he 
Imperial Cotton Specialist), for lflll-12. Price, As. 6 or Id. 

Report of the Agricultural Research Institute and College, Pusa (including the Report of the 
Imperial Cotton Specialist), for 1912-13. Price, As. 7 or 8d. 

Report of the Agricultural Research Institute ami College, Pusa (including the Report of the 
Imperial Cotton Specialist), for 1913-14. Price, As. 8 or 9d. 

Report on the Progress of Agriculture in India for the years 1907 — 00. Price, Ah. fl or 7d. 

Report on the Progress of Agriculture in India for the year 1909-10. Price, As. 6 or 7<af. 

Report on the Progress of Agriculture in India for the year 1910*11. Pi ice, As. 12 or Jr, 3rf, 
(Out of print.) 

Report on the Progress of Agriculture in India for the year 1911*12. Price, As. 0 or 7d. 

Report on the Progress of Agriculture in India for the year 1912*13- Pi iae, As. 8 or 9d. 

Report on the Progress of Agriculture in India for the year 1913 14. Price, As. 8 or 9tf. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 6th January 2905 and 
following days (with Appendices). Price, As. 8 or 9ti. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 15th January 1906 and 
following days (with Appendices). Price, As. 12 or If. 2d. 

Proceedings of the Board of Agriculture in India, held at Cawnpore on the 18th February 
1907 and following days (with Appendices). Price, Re. 1*2 or Is. 6d. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 17th February 1908 
and following days (with Appendices). Price, As. 8 or 9d. 

Proceedings of the Board of Agriculture in India, held at Nagpur on the 15th February 1909 
and following days (with Appendices). Price, As. 8 or 9d. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 21st February 1910 
and following days (with Appendices). Price, As. 8 or 9<f. 

Proceedings of the Bosrd of Agriculture in India, held at Pusa on the 20th November 1911 and 
following days (with Appendices). Price, As. 10 or 1 s. ( Out of print ) 

Proceedings of the Board of Agriculture in India, held at Coimbatore on the 8th December 19J3 
and following days (with Appendices). Price, Rs. 1*2 or Is. 8d. 

Standard Curriculnni for Provincial Agricultural Colleges m recommended by the Board of 
Agriculture, 1906. Price, A*. * or bd. 



The Agricultural Journal of India .— A Quarterly Journal dealing 1 with subjects connected with 
agricultural economics, field and garden crops, 'economic plants and fruits, soils, manures 
methods of cultivation, irrigation, climatic conditions, insect pBSts, fungus diseases, co-oper 
ative credit, agricultural cattle, farm implements and other agricultural mitteis in India. 
Illustrations including coloured plates form a prominent feature of the Journal. It is 
oditod by the Agricultural Adviser to the Government of India, with the assistance 
Of the Staff of the Pusa Agricultural Research Institute. Annual subscription^ Rs. 6 or 
8 j, 6d., including postage. Single copy, Rs. 2 or 3 shillings. 


Memoirs of the Department of Agriculture in India are 
issued from time to time as matter is available, in separate series 
such as Chemistry, Botany, Entomology and the like. 


Vol. I, 

No. 

I. 

Vol. I, 

No. 

XI. 

Vol. I, 

No. 

Ill, 

Vol. I, 

No- 

IV. 

Vol. 1, 

No. 

V. 

Vol. I, 

No. 

VI. 

Vol. II, 

No. 

I. 

Vol. II, 

No. 

II. 

Vol. II, 

No. 

III. 

Vol. II, 

No. 

IV. 

Vol. II, 

No. 

V. 

Vol. II, 

No. 

VI. 

Vol. II, 

No. 

VII. 

Vol. II, 

No. VIII. 

Vol. II, 

, No. 

IX. 


Vol. Ill, No. L 
Vol. HI, No. II. 
Vol. Ill, No. m. 
Vol. HI, No. IV. 


BOTANICAL SERIES. 

Studies in Root-Parasitism. The Haustorium of Santelum album.— 
Part l.— Early Stages, up to Penetration, by C, A. Barber, m.a., f.l.s. 
Price, R. 1, [Out of print) 

Part II.— The Structure of the Mature Haustorium and the Inter-relations 
between Host and Parasite, by C. A. BaRBKR, M.a,, F.L.B. Price, Rs. o, 

( Out of print) 

Indian Wheat Rusts, by E. J. BUTLER, M.B., F.L.S. ; and J. M. HaYMAN, 
d.V.S. Price, Rs. 3. [Out of print.) 

Fungus Diseases of Sugarcane in Bengal, by E. J. BUTLER, m b., F.L.S. 
Price, Rs. 3, ( Out of print.) 

Gossypiui .1 obtusifolium, Roxburgh, by I. H. Bcrkill, M.a, Price, R. 1, 

An Account of the Genus Pythium and some Chytridiaceae, by E. J. Butler, 
M.b., F.L.S. Price, Its. 4-8. 

Cephaleurot virexcens , Kunze ; The Red Rust of Tea, by Harold H. Mans, 
d.hc. ; and (J. M. Hutchinson, b.a. Price, Rs. 4. ( Out of print.) 

Some Diseases of Cereals caused by Sclerospora gramitiicola, by E. J. 
Butler, m.b., f.l.s. Price, Rs. 1-8. 

The Indian Cottons, by G. A. Gammie, f.L.S. Price, Rs. 7-8. ( Out of print.) 

Note on a Toxic Substance excreted by the Roots of Plants, by F. 
Fletcher, m.a., b.sc. Price, Rs. 1-8. 

Studies in Root-Parasitism III. — The Haustorium of Olax scandens.hy 
C. A. Barber, m.a.. f.l.8. Price, Rs. 2-8. 

Studies in Root-Parasitism IV.— The Haustorium of Cansjm'a Rheedii, by 
C. A. Barber, m.a,, f.l.s. Price, Rs. 2-8. {Out of print.) 

Some Experiments in the Hybridizing of Indian Cottons, by P. F. Fybcw, 
b. a. 1 f.l.s. Price, Rs. 1-8. {Out of print.) 

The Varietal Characters of Indian Wheats, by Albert Howard, m.a., 
a.r.c.s , f.l.s.; and Gabrielle L. C. Howard, m.a. Price, R. I. 
{Out of print.) 

The Mulberry Disease caused by Coryneum mori, Nom., in Kashmir, with 
Notes on other Mulberry Diseases, by E. J. Butler, m.b., f.l.s. Price, 
Rs. 1-8, {Out of print) 

The Wilt Disease of Pigeon-Pea and the Parasitism of JVcoeosmospora 
v asinfecta, Smith, by E. J. Butler, m.b., F.L.S. Price, Rs. 3. 

Studies in Indian Tobaccos. No. 1.— The Types of Niootiana rmtioa, 
L., Yellow Flowered Tobacco, by Albert Howard, m.a., a.r.c.b., f.l.8. ; 
and Gabrielle L, C. Howard, m.a. Price, Rs. 4. 

Studies in Indian Tobaccos. No. 2.— The ^Types of Niootiana tabaeum , 
L., by Albert Howard, m.a., a.r.c.3., f.l.s.; and Gabrielle L. C. 
Howard, m.a. Price, Ra. 9. 

Studies in Indian Fibre Plants. No. I.— On two varieties of S&nn. 
Crolalaria juncea, L., by Albert Howard, m.a., A.B.C.S., f.l.8.; and 
Gabrielle L, C. Howard, m.a. Price, R. 1, 

The Influence of the Environment on the Milling and Baking Qualities of 
Wheat in India. No. 1.— The Experiments of 1907-08 and 1908-09, by 
Albert Howard, m.a., a.r.c.s., f.l.s.; H. M. Leake, m.a., f.l.s,; and 
Gabrielle L. C, Howard, m.a. Price, Rs. 1-8. 



BOTANICAL SERIES-contf. 

Vol. Ill, No. V. The Bud-Rot of Palms in India, by E, J, Butler, m.b., f.l.S. 
Price, Rs. 2. 

Vol. Ill, Np. VI. The Economic Significance of Natural Cross-fertilisation in India, by ALBERT 
Howard, m.a., a.r.c.8., f.l.s.; Gabrielle L. 0. Howard, m.a.; and 
Abdck Rahman Khan. Price, Rs. 4-8, 

Vol. IV, No. I. Millets of the Genus Selaria in the Bombay Presidency and Sind, by 
G. A. Gammie, f.l.s. Price, R. 1. 

Vol, IV, No. II. Studies in Indian Fibre Plants. No. 2,— On Some New Varieties of Hibiscus 
canmbinus, L,, and Hibiscus Sabdarifa, L., by Albert Howard, 
m.a., a.r.c.s. , F.L.S.; and Gabrielle L. G. Howard, m.a. Price, Ha. 3. 


IV, No. III. Notes on the Incidence and Effect of Sterility and of Cross -fertilization in 
the Indian Cottons, by H. M. Leake, m.a., k.l.s. ; and Ram Prasad. 
Price, R. 1. 

IV, No. IV. The Inheritance of Red Colour and the regularity of self-fertili- 
zation in Corchorus capsularis, h,\ the common Jute Plant, by I. H. 
Bckkill, m.a.; and R. S. Finlow, b.bc. Price, R. 1. 

IV, No. V. Observations on Certain Extra-Indian Asiatic Cottons, by H. M. Leake, 
m.a., p.l.s. ; and Ram Prasad. Price, Rs. 1-8- 
IV, No. VI. The Morphology and Parasitism of Uhizoctonia, by F. J. F. Shaw, b.sc,, 
A.R.C.8., F.L.8. Price, Rs. 2. 

V No I. On the Inheritance of some Characters in Wheat, I, by A. Howard, m, a,, 

A.R.C.S., F.L.8. ; and Gabrielle L, C, Howard, m.a. Price, K. 1. 

V No. II. The Influence of the Environment on the Milling and Baking Qualities 

' 0 f Wheat in India. No. 2.— The Experiments of 190910 and 1910-11, by 

A. Howard, m.a., a.u.c.8., f.l.s,; H. M. Leake, m.a,, k.l.s. ; and 
Gabrielle L. C. Howard, m.a. Price, R. 1. 

V No. III. The Varieties of Soy Beans found in Bengal. Bihar and Orisss, and their 

Commercial possibilities, by E. J. WooDBOCSR, m.a.; and C. S. Taylor, 
b. a. Price, Rs. 2. .... 

V No IV On Phyiophthora parasitica nov. spec- A new Disease of the Castor Oi) 

’ ’ * ' plant, by J. F. Dastuk, b.sc- Price, Rs. 2. 

V No V. Studies in Peronosporacm, by E- J. BUTLER, M.B., F.L.9. ; and U. S. 

’ ' Kulkarni, L-Ag. Price, Rs. 2. 

VI No I Notes on Pollination and Cross-fei'tilization in the common Rice 

* Plant, Oryza saliva , Linn., by G. P. Hector, m.a., b.sc. Price, K. 1. 

VI No. II. A Scferotial Disease of Rice, by F. J. F- Shaw, b.sc,, a.r.c.s., f.lk. 

Price ■ 

I. VI No HI. Studies iti Indian Tobaccos. No. 3.— The Inheritance of Characters in 
Nicotiana tabacum % L., by GadrIELLK L. C. Howard, M.a. Price, Rs, d. 

I VI No. IV. Studies in Indian Cottons, Part I.— The Vegetative Characters, byll.M. 
*■ ’ LEAKE, M.A., F.L.S. ; and Ram Prasad. Price, Rs. 3-8. 

1. VI, No. V. The Red Rot of Sugarcane, by E. J. Butler, M.B., V UH . ; and A. Hafiz 

1. VI, No. VI. Somf New Sugarcane Diseases, by E. J. Butler, m.b., f.l.s.; and 

A. Hafiz Khan- Price, Rs. 2. . 

1 VI No. VII. Preliminary Note on the Classification of Rice m the Central Provinces, by 

R. J. D. Graham, M.a., b.sc. Pnce, Rs. l-B. 

, vr, N». vin. *. was iiz rsass 'figiffil fig 

C.I.E., M.A. ; II. M. Leak b, m.a. ; and G. L. C. Howard, m.a. race, 
^ ov 1$ 

,1. VII, No. I. Studies in Imlian Sugarcanes, No. I, Punjab canee, b, C. A. Bakubh. M.O. 

il. VII, No. II. ®S3£SSr?r and Wb“ a Soon & 

b.a. We. «, W *r h «• 

,1. VII. No. lit The Potato Blight in India, by J. V. 1 <* »*• W ; 

iL VII, No. IV. The Genes P.hizmtwa in India, by P. J- • “An, v.hc . , an 
A.irekaR, b.A. Price, R. 1 or Is. otf. 

,1. VII, No. V. Bap.rtaent.on the MdWf Indigo.y.eU.»g Gluccdee, by V. K. 
PahnelL) b.a* Pi’jcfij .K* i or w* 

,1. VII, No. VI. L a'»m^k1«« 4 .‘"'kS; 

(Fn the press.) Safflower and Mustard, by A. Howard, 

,1. VII,- No. VII. atndig.nlnd.an O.h^de . N-nl. „ A . aD(1 Anhun Bauman 

iCti a w Price Ks. 1-8 or 2s. fid. 

>1. VII, No. VIII. ^ I-SITm*’ 



CHEMICAL SERIES. 


Vol, I, No. I. The Composition of Indian Rain and Daw, by J. WALTER LEATHER, 
ph.D., r.LO. Price, R. 1. % 

Vol. 1, Wo. II. The Composition of the Oil-Seeds of India, by J. Wum LEATHER, Ph.l>„ 
F.I.C. Price, R. 1. ( Out of print.) 

Vol. I, No. Ill, The Pot-Culture House at the Agricultural Research Institute, Pass, by 
J. Walter Leather, Ph.D., f.LC. Price, Ra. 3. 

Vol. I, No. IV. Experiments on the Availability of Phosphates and Potash in Soils, by 
J. Walter Leather, ph.D., f.i.c. Price, Rs. 1-8. 

Vol. I, No. V. The Construction of Drain Gauges at Pusa, by M. H. Arnott, M.jnst.c.K., 
with a Preface by J. Walter Leather, ph.D., F.LO. Price, Rs. 3, 

( Out of print.) 

Vol. I, No, VI. The Loss oT Water from Soil dining Dry Weather, by J. Walter 
Lkathih, ph.D., f.i.c. Price, Ra. 2. (Out of print.) 

Vol, I, No. VIT. The System Water, Calcium Carbonate, Carbonic Acid, by J. Walter 
Leather, ph.D., f.i.c. ; and Jatindra Nath Sen, m.a. Price, R. 1. 

Vol. I, No. VIII. Water Requirements of Crops in India, by J. Walter Leather, Ph.u., 
F.I.C Price, Us. 3. 

Vol. I, No. IX. The Nature of the Colour of Black Cotton Soil, by H. E. Annbtt, B.bc. 
Price, K. 1. 

Vol. I, No. X, Water Requirements of Crops in India— II, by J. Walter Leather, 
ph.o,, F.I.C. Price, Us. 2-8. 

Vol. II, No. I. The Composition of the Milk of some Breeds of Tndiau Cows and Buffalo®* 
audits Vi Huttons, Part I. The milk of some breeds of Indian cows, by 

A. A. Mkggitt, b.sc. ; and H. H. Mann, d.sc. Price, Ra. 1*8. 

Vol, II, No. II. Records of Drainage in India, by J. Walter Leather, ph.D,, F.I.C. 
Price, R, 1. 

Vol. II, No. III. The Rub System of Rice Cultivation in Western India, by H. H. Mann, 
D.SC. ; N. V, JOSHI, B.A., B.BC., L.Ag. ; and N. V. KaNITKAR, B.Ag. 
Price, U. 1. 

Vol. II, No. IV. The Composition of the Milk of some Rreeds of Indian Cows and Buffaloes 
and its Variations, Part IT. The milk of some breeds of Indian buffaloes, 
by A. A. Mkggitt, b.sc.; and H. H. Mann, d.sc. Price, Us. 1-8. 

Vol. II, No. V. A contribution to the knowledge of the Black Cotton Soils of India, 
by W. H. Harrison, m.sc, ; and M. R. Ramswamy Sivan, b,a. 
Price. R. 1. 

Vol. II, No. VI. The Date Sugar Industry in Bengal, an investigation into its Chemistry 
and Agriculture, by H E. ANNETT, B.8c., assisted by G. K. Lkle, 
l.ar. ; and Bhailal M. Amin, b.a. Price, Rs. 3. 

Vol. Ill, No. I. Evaporation from a Plain Water Surface, by J. Walter Leather, Ph.D., 
F.I.C. Price, R. I. 

Vol. Ill, No. II. Studies in the Chemistry and Physiology of the Leaves of the Betel-vine 
{Piper Belie) and of the Commercial Bleaching of Betel-vine Leaves, 
by H. H. Mann. d.sc- ; b. L- Sahasrabuddhe, b.sc,, L-Ag. ; and 
V. G. Patwardhan, B.Ag. Price, Us. I-S. 

Vol. Ill, No. III. The Gases of Swamp Kice Soils. Tbeir composition and relationship to 
the crop, by W. H. Harrison, m.sc. ; and P, A. SOBRamaNIa AlYER, 

B. A. Price, He. 1-8. 

Vol. Ill, No. IV. The Experimental Error in Sampling Sugarcane, by J. Walter Leather, 
Ph.t>„ F.I.c. Price, R. 1. 

Vol. Ill, No. V. The Fractional Liquefaction of Rice Starch, by F. J. Warth, M.8C. ; and 
D. B. DaKABBETT, b.bc. Price, R. 1. 

Vol. Ill, No. VI. The Yield and Composition of the Milk of the Montgomery herd at Pusa 
and Errors in Milk Tests, by J. WaLTRR LEATHER, Ph.D-, F.I.C, ; 
and A. C. Dobbs. Price, K. 1 or Is, 6 d. 

Vol, III, No. VII, The System Potassium Nitrate, Sodium Chloride, Water, by J. WALTER 
Leather, Ph.D., f.i.c. } and Jatindra N ath Mukerjee, b.a,, b,sc. 
Price, K. 1 or if. 6d 



CHEMICAL SERIES — amtd. 


Vol. Ill, No. VIII. 


Vol. Ill, No. IX. 
Vol. IV, No. L 


Vol. IV, No. n. 


Tfto Systems— {A) Water, Magnesium Carbonate, and Carbonic Acid (B> 
Water, Calcium Carbonate, Magnesium Carbonate and Carbome 
Acid, by J. Walter Leather, Ph.m, r.i.c. ; and Jatindra Natu 8e\ 
h-a. Price, R. 1 or li. 6d, ■* 


8tudiea of an Acid Soil in Assam, by A. A. Meggitt, B.ao Price 
Rs. 1-8 or 2i. 6d. 

The Gases of Swamp pice Soils, Part II. Their utilisation for the 
Aeration of the Hoots of the Crop, by IV. H Harrison, m.sc.; and P A 
SUBBAMANIA AIYEK, b.a. Price, H. 1 or 1>. 6d. 

Soil Temperatures, by J. Walter Leather, v.p.,p.lc. Price, R s . 2 or 


Vol. IV, No. Ill, Soil Gases, by J. Walter Leather, V.D., F.i.c, Prico, Rs. l-Bor 2* 6tf. 


Vol. I, No. 

I* 

Vol. I, No. 

II. 

Vol. I, No. 

III. 

Vol. I, No. 

IV. 

Vol- I, No. 

V. 

Vol. I, No. 

VI. 

Vol. II, No. 

I. 

Vol. II, No. 

II. 

Vol. II, No. 

III. 

Vol. II, No. 

IV. 

Vol. II, No. 

V. 

Vol, II, No. 

VI. 

Vol. II, No. 

VII. 

Vol. If, No. VIII. 

Vol. II, No, 

IX. 

Vol. II, No. 

X. 

Vol. 111. 

Vol. IV, No. 

I. 

Vol. IV, No. 

If. 

Vol. IV, No. 

III. 

Vol. IV, No, 

IV. 

Vol. IV, No. 

V. 

Vol. IV. No. 

VI. 

Vol- V, No. 

I. 


ENTOMOLOGICAL SERIES. 

The Bombay Locust — A Report on the investigations of 1903-04, by H, 
M, Lkfkoy, M.a., K.n.e.. F.z.s. Price, Its. z-S. 

The more Important Insects injurious to Indian Agriculture, by H. 
M. LkfkoY. M.a.. F.K.8., F.Z.8. Price, Ks 3. (Out of print.) 

The Indian Surface Caterpillars of the Genus Agrotis, by H. M. Lkfhoy, 
M.a., f.e.s., F.z.s.; ami 0. C. Ghosh, b.a. Price, Its. 1-8. [Out of print) 

Individual and Seasonal Variations in Hdapeltis theivora , Waterhouse, 
wi tii description of anew species of Helopeltis, by Harold H. Mann, 
u.8c. Price, Rs. 1-8. 

The Cocoirfa attacking the Tea Plant in India and Ceylon, by K. K. Hkkkj., 
f.e.s., F.z.s. ; and Harold H. M ann, d.sc. Price R. I. (Get of print.) 

The Mustard Sawfly, by H. M. Lrfkoy, m.a., K.K.8., f.z.s. ; and C. C. 
Ghosh, b.a. Price, R. 1. {Out of print.) 

The Rice Bug, by H. M. Lefroy, m.a., f.k.h., f.z. 8, Price, K. 1. 

Remarks on Indian Scale Insects [Coccida), Part III, by K. IS, Green, 
F.k.s., F.z.8. Price, Rs. 1-8. 


The Red Cotton Bug, by H. M. Lefroy, M.A. , F.E.8., F.Z.8. Price, H. I. 
[Out of print.) 

TheOastor Semi-Looper, by H. M. Lefroy, m.a., f.e.s., f.z.s, Price, Rs. 11. 
[Out of print ) 

The Tobacco Caterpillar, by H, M. Lefroy, m a., f.e.s., r.z.s. Price, Rs. 1-8. 
{Out of print.) 

The Cotton Leaf-Roller, by H. M. Lefroy, m.a., f.k.s., f.z.s. Price, Rs. 1-b. 
( Out of print.) 

Notes on Indian Scale Insects [OocrMce), by H. M axwrll-Lkfroy, m.a.. 

f.e.s., f.z.s. Pi ■ice, Rs. 1-8. {Out of print .) 

Life- Histories of Indian Insects— 1. (Coleoptera), by H. M axWEll-LkkkoI , 
m.a., F.E.8., F.z.6. Price, Ks. 2, 


Life -Histories of Indian Insects— II. Some Aquatic Rhynchola and 
Coleoptera, by D. Nowrooeb, b.a. Price, Rs. 1-8. 

Life-Histories of Indian Insects— III. The Rhinoceros Beetle [Qryr.Ut 
rhinoceros) and the Red or Palm Weevil ( Rhynchophorus feirugineut), 
by C. C. Ghosh, b.a. Price. Rs. 2. 

The Food of Birds in India, hy C- W. Mason, m.s.k.a.o., edited by H. 
Maxwell-Lefroy, m.a., f.k.8., f.Z. 8. Price, Rs. 7*8. 

Bri Silk, by H. Maxwell-Lefroy, m.a., f.k.s., f.z.b., and C. C- Ghosh, 
b.a. Pvioe, Rs. 3. 


Tetrigime (AcridiitKB) in the Agricultural Research Institute, Pusa, Bihar, 
with descriptions of new species, by J. L. HaNCuCK, f.e. 8. Price, R 1. 

The Big Brown Cricket [Rrachytrypes achatinus, Stoll), by C. U. GH08H, 
B.a. Price, R. 1- 

Life-Histovies of Indian Insects— IV. [B ymenoptera), by G. R. Dutt. 
b.a, Price, Rs. 2. 

Inquiry into the Insecticidal Action of some Mineral and other Compounds, 
on Caterpillars, by H. Maxwell- Lefroy, m.a., f.e.h., f.z.s- ; and R. b. 
F^nlow, b.8c. Price, Rs- 1-8. {Out of print.) 

The “Psylla” disease of Indigo, by A. J. GROVE, M.sc. ; and C. C. 

Ghosh, b.a. Price, Rs. 18 or 2r. 6cf. 

Life-Histories of Indian Insecti-V. ( U pidopttra ), by C C Ghosh, b.a. 

Price, Rs, 2-8 or 3/. 9d. 



BACTERIOLOGICAL SERIES. 

Vol, 1, So. I. Studies in Bacteriological Analysis of Indian Soils, No. 1, 1910*11, by 
C. M. Hutchinson, b.a. Price, Rs. 2*8. 

Vol. I, No. II. Rasgpnr Tobacco Wilt, by C. M. Hutchinson, B.a. Price, *Rs. 2. 

Vol. I, No. Ill, A New Nitrite- forming Organism, by N- V, JOSHI, b.a., b.Sc., L.Ag. 

Price, R. 1 or Is. 6d. • 

Vol. I, No. IV. Azotobacter and Nitrogen Fixation in Indian Soils, by J. H. Walton, 
b.a., a. sc. Price. R. 1 or Js. 6d. 

Vol. I, No. V. Bacterial Rot of Stored Potato Tabers, by C. M. HUTCHINSON and 
N. V. Joshi, B.A., s.se-, L.Ag Price, R. 1 or Is, fid. 

Vol. I, No. VI. Bdkhar : The Indian Rice Beer Ferment, by C. M. Hutchinson and 
C. S. Ram Ayyar, b.a. Price, R. 1 or 1*. 6d. 


VETERINARY SERIES. 

Vol. I, No. 1. Auaphylaxia in the larger Animals, by Major J. D. E. Holmes, m.a., D.sc., 
m.r.c.v.s. Price, Rs. 2. 

Vol. I, No. II. Salvaraan in the Treatment of Surra in Horses, Dogs and Rabbits, by 
Major J. D. E. Holmes, m.a., d.sc., m.r.c.v,s. Price, Its. 1-4. 

Vol. I, No. III. Some more Successful Experiments on the Treatment of Surra in the 

Camel with Recommendations for Systemalic Treatment, by A. S. Lekse, 
m.r.c.v.s. Price, R. 1. 

Vol. I, No. IV. On the Immune Bodies occurring in Anti-Rinderpest Serum and on the 
Variations occurringin theSerum Proteins of Animals during Rinderpest 
and during Immunization and Hyper-imnmnization, by P. Hartley, 
d.sc. Price, Its. 2, 

Vol. II, No. I. Some cases of Surra treated in the Field and in the Laboratory during the 
autumn of 1911, by Major J. I). E, HOLMES, m.a. , D.sc., M.R.C.V.S. 
Price, R. 1. 

Vol. II, No- IF. Rinderpest : Further Investigations on questions connected with the 

Economical Production of Anti-serum, by Major J. D. E. Holmes, m.a., 
d.sc. Price, R- 1. 

Vol. It, No HI. The Curative Treatment of Haemovrhagic Septicsemia in Cattle by the 

administration of Iodine and other notes on Chemiotlierapy in Rinder- 
pest and Hamiorrhagic Septicaemia, by Major J. D. E. Holmes, c.i.e., 
m a , D-sc., 3 hi.r-c.v-s, Price, K. 1 or Is. 6d 

Vol. II, No- IV. The Vitality of the Haemorrhagic Septicaemia Organism outside the body, 
by Major J- D, E HOLMES, C.I.E., M-A., D Sc , M.R.C.Y.S. Price, 
R. 1 or Is. fid. 

Vol. II. No- V. Bursati, by Major J, D. E. Holmes, c.i.e., M.a. , D.sc., M.R.C.V.S. Price, 

Rs. 1-8 or 2s. 3d. 

Vol. II, No. VI. Experiments on the treatment of Surra in Camels, by H. E. Cross, M.R.C-V.8., 
D-V.II., a. sc. Price, R. 1 or lj?, 6d. 

Vol. II, No. VII- Anthrax— some experiments on the Immunizing Effect of the Simultaneous 
Injection of an Anthrax attenuated virus and an Anthrax Anti-serum, 
by Major J D. E Holmes, C.I.E., m.a., d.sc., m.r.c.v.s. Price, R. 1 
or Is. fid, 

BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 
PUS A; 

No. 1. Notes ou Cotton in Bihar in 1904, by H. M. Lkfkoy, m.a., e.e.s., f.z.s. Price, As, 4 
or fid. 

No. *2. An Outbreak of Cotton Pests in the Punjab, T905* by H. M. Lefroy, m, a., f.e.s., 
f.z.s. Price, As. 8 or Id, 

No. 3. The Extension of Jute Cultivation in India, by R. S. Finlow, b.sc. Price, As. 12 
or 1*. 2d. {Out of ptini.) 

No. 4. First Report on the Fruit Experiments at Pusa, by A. Howard, m.a., a.r.c.8., 
f.l.s. Price, As. fi or 6d. 

No. 5. Report ou Trials of the South African Locust Fungus in India, by E. J. Butler, 
M.B., F.L.S. ; and H. M. LEFROY, M.a,, f.e.s., F.z.s. Price, As. 2 or 3d. 

No. 6. The Ticks Infesting Domesticated Animals in India, by C. WarburTON, M.a. 
Price, As. 4 or 6d. {Out of print.) 

No. 7. A Preliminary Account of the Biting Flies of India, by H. M. Lefroy, m.a., f.e.s., 
f.z.s. Price, R. I or Is. fid, [Out of print,) 



BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 
PUSA — canid. 


No. 8, Official and Recommended Methods for use in Chemical LiihorlUoncs of (he Depart- 
ments of Agriculture in India, by J, Walter Lkathkk, pIi.d., F.i.r. 'Price, Am. 4 
•or 6 d, 

No. 9. Report on Coconut Palm Disease in Travancore, by K. J. BUTlbk, m.b., k.i.s 
P rice, As. 6 or fid. (Owf of prtnL) 

No, 10. Treatment ami Observation of Crop Pests on the I’usa Perm, by El. M. Lkeuoy, m. v., 
P.E.S., F.Z.9.; and C. S« Mish a, b.a. Price, As. 6 or 7 <1. (t)«f of print ) 

No. 11. On Flax Dodder, by A. Howard, m. a . a.B.O.s,, f.us. Price, As. 1 or fid. (Ot/t 
of priitL) 

No. 12. TheMakingand Care of Lawns in India, by A. Howard, m.a., a.k.c.s., f.l.s. 
Price, As, 4 or 6d. {Out of print.) 

No. 13. Sugarcane at the Partabgarh Experimental Station, by G. Clark B, f.i.o. : and Khan 
Bahadur S. M. Hadi, m.R.a.c., m.K.a.S. Price, As. 6 or 6r/. 

No, 14. The Milling and Baking Qualities of Indian Wheats, No. 1, by A. Howard, m.a., 
a.r.c.s., F.L.S. ; and Gabribllk L. C. Howard, m.a. Price, As. 4 or fid. 

No. 15. Note on the Extension of Cultivation of Fibre Plante in India. Price, As. (3 or 8d. 


No. 16. 
No. IT. 

No. 18. 
No. 19. 
No. 20. 
No. 21. 
No. 22, 

No. 23, 


Second Report on the Fruit Experiments at. Pusa by A. Howard, m.a.. a.k.u.s., 
f.i.s. Price, As. 6 or 8d. 

The Milling and Baking Qualities of Indian Wheats, No. 2. Some new Puna selections 
tested in 1909, by A. Howard, m.a., a.r.c.s., f.l.s. ; and i>akkim.j,k L, C\ 
Howard, m.a. Price, As. 6 or 8d. 

Report on the Outbreak of Blister- Blight on Tea in the Darjeeling District in 1908-09, 
by TV. McRae, m.a., h.SC. Price, R. 1 or 1 a. fki. 

List of Names used in India for Common Insects, compiled in tho Laboratory of the 
Imperial Entomologist, Piisa. Price, As. 12 or Is. 2d. 

Memorandum on Indian Wheat for the British Market, by Sir James Wilson, K.o.s l. 
Price, As. 4 or 6d. 

Memorandum regarding Leading Enealypts suitable for India, by K. Hoorn- 
Tucker. Price, As. 4 or ad. {Out of print.) 


The Milling and Baking Qualities of Indian Wheats, No. 3 Some new Pusa Hybrids 
tested in 1910, by A. How ard, m.a., a.r.c.s., f.l.s. ; and Gabribllk L. t. Howard, 
m.a. Price, As. 7 or 8tf. 

Insecticides— Mixtures and Recipes for nse against Insects in the Fmld, the Orchard, 
the Garden and the House, by H. M. Lefkoy, m a f.k.s., f.z.s. .Second 
WAHinn. Revised and Enlarged hy T. B.ai.srkiuCie h LKT1UIICR, *K,S., F.Z.S, 


No. 24. 
No. 25. 
No. 26. 
No. 27. 

No, 28. 

No. 29, 
No. 30. 

No. 31- 
No. 32. 

No. 33. 

No. 34. 
No. 35. 


Price, As. 12 or 1«. 2d. 

he Indian Saltpetre Industry, by J. Walter Leather, Hi.d.. f.i.u, ; ami J. ». 
Mokerji, b.a., b Sc. Price, As. 8 or 9d. 

Report on the Flax Experiments conducted at Doorial. during the year 1910-11, by 
E. M- VaK!)KKKRKHOVB- Pi ice, As. 6 or 7d, 

lota on the Present Position of Cotton Investigation in India, hy Bernard 
Coventry, c.i.e. Price, As. *2 or 3d. 

ixperiment. on the Cultivation of SwrnM . »» the! aWSJil'v 
Station, 19(19-11, by G. ('LARKK, F.r.c. ; H. K. ASMtrr , w.sc. , and SYKD *ami> 
Hussain, b-a. Price, As. 5 or 6d. 

The Cultivation o( Lao In the Plain, ot India, '» C. S. Mmm. h.a. (Second Edition.) 
Price, As. 8 or 9d. 

Direction. for tlio Cultivation of Eri Silk. {Raimi id, don.) Price. A.. .! or 44. 
leport on the Flax Experiment, conducted atDoorial. during the year IDII-I2. 
by E. M. Van dkkbrkhOVE. Price, As. 16 or -d- 

Ramprasad. Price, As. 3 or 4d, ....... 

. , ., M1 .t(o following the internal ad nwnstrar ion or Arsenic 

Sf&n“d'tto rt d^ of tho foof in Horse*, hy Major J. 1>. * ■««», 
M A., DSC., M.R.C.v.5. Price, As. lorM. 

,mn. Aspect, of the Agricultural Development of Tiihar, b, A. Howaap.M 
F L.S. Price, As. 4 or 5d- • 

Diseases of Rice, by E. J. Burntc, ».», F.M. to*. As. 8 nrW. 

Report on the Flax Experiment,, conducted at Door, ah dnr,n K tho joar 1J1 U 
by E. M. Vandeeerkhovk. Price, As. 3 or 4d. 



BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 
PUSA— amcld. 

No. 36. Note on the M'Fadyan Staining Reaction for Anthrax Bacilli, by Major J. D. B. 

Holmes, if, a., d.sc., M.R.c.v.S. Price, As. 4 or 5d. 

No. 37, Notes on Experiments with Sugarcane at Sabour, by C. Somers Tailor, b.a, 
Price, As, 2 or 3d. 

No. 38, Disintegration of Rice Grains by mean* of Alkali, by F. J. WARTH, M.Sc. ; and D. B. 
Dakabsett, b.sc. Price, As. 8 or 7d. 

No. 39. Instructions for rearing Mulberry Silkworms, by M. N, De. Price, As. 4 or 5d- 
No. 40. Green-Manuring Experiment. 1912-13, by C. M. Hutchinson, B.a. ; and 8. Milligan, 
M.a;, B.Sc. Price, As. 4 or 6d. 

No. 41. The use of Sweet. Jowar (Sorghum sp.) as a Bource of Commercial Sugar or as Fodder 
and the variation in Composition of the crop during growth, by H. E. ANNETT, 
b.hc.i E.LC. Price, As. 2 or 3d- 

No. 42. Notes on Cane Crushing in the United Provinces, by G. CLARKE, F.I.C. ; Naib 
H 068AIN and S. C. Banerjbr, assisted by Larhhmi Shankar. Price, As. 2 or 3d. 
No. 43. A note on the effect of Haat on the Rinderpest Immune Bodies, by Major J. D. E, 
Holmes, o.t.e , m.a., p.sc., m b.c.v.s. Price, As. 2 or 3d. 

No. 44. How to Improve Silk-Reeling in Bengal, by M. N- Dk. Price, As. 4 or 5d. 

No. 45. The Acid Secretion of the Gram Plant, Cicer arielinum, by D. L. Sabasrabuddhe, 
B.8C.. L.Ag. Price, As 2 or 3d. 

No. 46. Bee-Keeping, by C. C. Ghosh, b.a. Price, As. 14 or Is. 4d. 

No. 47. Notes on Sugar Machinery and Manufacture in Northern India, by Peter Abel. 
Price, Aa. 5 or 8d. 

No. 48. First Report on the Experiments carried out at Ptiea to improve the Mulherry Silk 
Industry, compiled under the direction of the Imperial Entomologist, by M. N. 1)E. 
Price. As. 6 or 7d. 

No. 49. The Experimental Error in Field trials with Sugarcane and the effect on this error 
of various methods of sampling, by H. E. An.nktt, B.8C., F.I.fl. Price, As. 3 or 4d. 
No. 50. The Improvement of Tobacco Cultivation in Bihar, by A. Howard, c.J.E., M.a,; 

and GABRIBLT.E L. C. Howard, m.a. Price, As. 4 or 5d, 

No. 51. First Report, on the Improvement of Indigo in Bihar, by A. HOWARD, C.l. B,, M.A.; 

and Gabkiklle L. C, Howard, ma. Price, As. 4 or 5d. 

No* 52. Soil Ventilation, by A. Howard, c.i.e., m.a ; and Gabriellb L. C- Howard, m.a. 
Price, As. 3 or 4d. 

No- 53. Soil Erosion and Surface Drainage, by A. Howard, m.a. Price, As, 4 or 5d. 

No. 54 Second Feport. on the Improvement of Indigo in Bihar, by A. Howard, C.I.E., M.A.; 

and Gabhiellb L 0. Howard, m a Price, As. 2 or 3d. 

No. 55. The Manufacture of Jaggery in South India, by A* CHatterton, C.I.B. Price, As. 4 
or 5d. 

No. 50. Green-Manuring in India, by A. C. Dobbs. [In the prett.) 

No, 57. The Detection of Added Water in Milk in India, by J. Walter Leather, v.d., F.I.O. 
I In the press.) 


BOOKS. 

’* Indian Insect Pests,” by H. M. Lefkoy, M.a,, K.K.8., K.z.8. Price, K 9. 1-8. (Out of 
print . ) 

‘ Indian Insect Life,” bv H. M. T.ekkov, m.a., E.E.8., r.z.8. ; and P. M. Howlett, 
b.a. 786 pp. Price, Rs. 20 Dr 30a. 

** Wheat in India,” by A. HuWahD, si. a., a.h.c.b., k.l.b. ; and GabrikLlr L. C. 

Howard, m-a. 288 pp, Price, ks. o or 7*. 6t t. 

“ A description of the Imperial Bacteriological Laboratory, Mukteear : Its Work and 
Products,” by Major J D, E. Holmes, M.a., d.sc. Price, As. 8 or 9d. 



